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ABSTRACT 

Various combinations of temperature  and moisture  d a t a  from the  

VISSR Atmospheric Sounder ( V A S ) ,  convent ional  radiosonde d a t a ,  and 

Nat ional  Meteorological  Center (NMC) g loba l  ana lyses ,  were used in a 

success ive-cor rec t ion  type of ob jec t ive -ana lys i s  procedure t o  produce 

ana lyses  f o r  1200 QlT 20 Ju ly  1981. The NMC g loba l  ana lyses  served as 

the  f i r s t -guess  f i e l d  f o r  all of t h e  o b j e c t i v e  a n a l y s i s  procedures.  

This f i r s t -guess  f i e l d  was enhanced by radiosonde d a t a  a lone ,  VAS d a t a  

a lone,  both radiosonde and VAS d a t a ,  o r  by n e i t h e r  d a t a  source.  A l l  of 

these o b j e c t i v e  ana lyses  were u t i l i z e d  i n  a s t a t i c  i n i t i a l i z a t i o n  of 

The Pennsylvania S t a t e  Univers i ty  (PSU)/National Center  f o r  Atmospheric 

Research (NCAR) mesoscale model. In a d d i t i o n ,  two o b j e c t i v e  ana lyses  

were used i n  a dynamic i n i t i a l i z a t i o n :  one included only radiosonde 

data and the  o t h e r  used both radiosonde and VAS da ta .  

The dependence of 12-hour f o r e c a s t  s k i l l  on d a t a  type and the 

methods by which the  d a t a  were used i n  the  a n a l y s i s / i n i t i a l i z a t i o n  were 

then i n v e s t i g a t e d .  This  was done by comparison of f o r e c a s t  and 

observed f i e l d s ,  of sea-level p re s su re ,  temperature ,  wind, moisture  and 

accumulated p r e c i p i t a t i o n .  The use of VAS d a t a  i n  the i n i t i a l  

condi t ions  had a s l i g h t  p o s i t i v e  impact upon f o r e c a s t  temperature  and 

moisture  but a nega t ive  i m p a c t  upon f o r e c a s t  wind. This  was t r u e  f o r  

both the s t a t i c  and dynamic i n i t i a l i z a t i o n  experiments.  P r e c i p i t a t i o n  

f o r e c a s t s  from a l l  of the  model s imula t ions  were nea r ly  the same. 
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1 0 INTRODUCTION 
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! 

The p r e d i c t i v e  s k i l l  of numerical  weather p r e d i c t i o n  models has 

s i g n i f i c a n t l y  improved dur ing  the  p a s t  two decades because of the 

e x i s t e n c e  of l a r g e r ,  f a s t e r  computers; more s o p h i s t i c a t e d  model 

phys ics ;  and improved model numerics. This  improvement has led  t o  an 

inc reased  i n t e r e s t  i n  the use of mesoscale models t o  p r e d i c t  

s i g n i f i c a n t  mesoscale events  such as heavy p r e c i p i t a t i o n .  

p r e d i c t i v e  s k i l l ,  however, is l i m i t e d  by how well i n i t i a l  f i e l d s  of 

temperature ,  moisture ,  and h o r i z o n t a l  vfnds are s p e c i f i e d .  This  is 

e s p e c i a l l y  r e l evan t  f o r  the p r e d i c t i o n  of mesoscale events .  

Model 

The h o r i z o n t a l  r e s o l u t i o n  of convent iona l  radiosonde d a t a  is 

f r e q u e n t l y  too poor t o  reso lve  important  raesoscale f e a t u r e s  i n  the 

i n i t i a l  cond i t ions  of a n u m e r i c a l  f o r e c a s t .  Therefore ,  t o  improve the  

p r e d i c t i v e  s k i l l  of a mesoscale model, i t  is necessary t o  use o the r  

d a t a  sources  t o  supplement radiosonde data .  Radiometric ins t ruments  

aboard satellites are capable of s ens ing  atmospheric  temperature and 

mois ture  with f i n e r  h o r i z o n t a l  r e s o l u t i o n  than  radiosondes.  Therefore ,  

t h e  p o t e n t i a l  ex i s t s  f o r  improving the  p r e d i c t i v e  s k i l l  of mesoscale 

models by using high q u a l i t y  s a t e l l i t e  d a t a  t o  he lp  s p e c i f y  the i n i t i a l  

temperature  and moisture  f i e l d s  . 
1.1 Previous Use of S a t e l l i t e  Data in Numerical Models 

S a t e l l i t e - d e r i v e d  temperature soundings were f i r s t  r e t r i e v e d  i n  

1969 by Nimbus-3. 

soundings f i r s t  became a v a i l a b l e  from the  Vertical  Temperature P r o f i l e  

In 1972, o p e r a t i o n a l  s a t e l l i t e - d e r i v e d  temperature 
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Radiometer (VTPR). Ohring (1979) reviewed a number of s t u d i e s  which 

a t tempted  t o  assess the impact of both NOM-4 and Nimbus-6 temperature  

soundings upon numerical  fo recas t s .  On t h e  average,  i n c l u s i o n  of 

sa te l l i t e  d a t a  l e d  t o  a small improvement i n  48-hour, 500-mb 

g e o p o t e n t i a l  he ight  fo recas t s .  

Atk ins  and Jones (1975) found t h a t  us ing  VTPR d a t a  s l i g h t l y  

improved numerical  f o r e c a s t s  of sea-level p res su re  and 500-mb geo- 

p o t e n t i a l  height .  However, l o c a l  weather f o r e c a s t s  would not have been 

s i g n i f i c a n t l y  improved by the use of t h e s e  d a t a  i n  the model. 

Bouner e t  al. (1976) and Druyan et al .  (1978) a lso  r epor t  VTPR d a t a  t o  

have a very small p o s i t i v e  impact on p r e d i c t i v e  s k i l l .  According t o  

Bonner e t  al. (19761, the  smallness  of t h i s  impact may be p a r t l y  due t o  

t h e  VTPR's i n a b i l i t y  t o  sense temperatures  in areas of ex tens ive  cloud 

cover.  

The Data Systems Tests (DST), conducted by the  Nat iona l  

Aeronaut ics  and Space Adminis t ra t ion (NASA) and the  Nat ional  Oceanic 

and Atmospheric Adminis t ra t ion (NOAA), examined the  u t i l i t y  of 

tempera ture  sounding d a t a  f r o m  s a t e l l i t e s  i n  numerical  modeling. These 

temperature  soundings were provided by the  High Resolut ion I n f r a r e d  

Sounder (HIRS) and the  Scanning Microwave Spectrometer ( S C A M S ) ,  both on 

board the  Nimbus-6, and by t h e  VTPR on NOM-4. Seve ra l  r e sea rche r s  

used t h e s e  sa te l l i t e  d a t a  i n  the  DST. Ghi l  e t  a l .  (1979) used a 

g e n e r a l  c i r c u l a t i o n  model t o  e v a l u a t e  d i f f e r e n t  methods of sa t e l l i t e  

tempera ture  a s s i m i l a t i o n  f o r  e leven  f o r e c a s t s  generated f o r  per iods  

between January and March 1976. The use of s a t e l l i t e  d a t a  r e s u l t e d  i n  

a small but s t a t i s t i c a l l y  s i g n i f i c a n t  improvement i n  48- and 72-hour 
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f o r e c a s t  s k i l l .  This  impact  depended upon both the  q u a n t i t y  of 

s a t e l l i t e  data used and the  method of sa te l l i t e  d a t a  a s s i m i l a t i o n 8  

Trac ton  et al. (1980), using a d i f f e r e n t  numerical  m d e l ,  found t h a t  

sa te l l i t e  temperature  d a t a  had less impact on numerical  f o r e c a s t  s k i l l .  

Atlas et a l .  (1982) ran 72-hour f o r e c a s t s  on both coarse- and f ine-gr id  

models, wi th  and without  s a t e l l i t e  tempera tures ,  and found t h a t  h ighe r  

model r e s o l u t i o n  increased  the impact of sa te l l i t e  data .  

Thus f a r ,  experiments have been reviewed which t e s t e d  the  e f f e c t s  

of a s s i m l l a t i n g  only temperature sounding d a t a ,  from p o l a r - o r b i t i n g  

satel l i tes ,  i n t o  numerical  f o r e c a s t  models. Polar -orb i t ing  satell i tes 

are capable  of sens ing  a p a r t i c u l a r  reg ion  only  twice per day, a 

f requency  which is insuf  f i c i e n t  t o  monitor mesoscale developments. An 

ins t rument  placed on a geos t a t iona ry  sa te l l i t e  however, is capable  of 

moni tor ing  temperature  and moisture  s t r u c t u r e s  f r equen t ly  enough t o  be 

u s e f u l  for mesoscale app l i ca t ions .  Such an  ins t rument ,  f i r s t  proposed 

by Suomi e t  al. (19711, is the  V i s i b l e  I n f r a r e d  Spin-Scan Radiometer 

(VISSR) Atmospheric Sounder (VAS) aboard t h e  Geos ta t ionary  Opera t iona l  

Environmental  S a t e l l i t e s  (GOES). 

C r a m  and Kaplan (1984) t e s t e d  the  Impact of VAS-derived 

temperature  and moisture  soundings from 20 J u l y  1981 on a mesoscale 

f o r e c a s t .  A scheme was developed t o  v a r i a t i o n a l l y  a d j u s t  the  model 

f i r s t -guess  f i e l d  toward temperature and moisture  g r a d i e n t s  observed by 

V A S .  V a r i a t i o n a l  a s s i m i l a t i o n  of VAS g r a d i e n t s  was used because t h e r e  

is o f t e n  a sys t ema t i c  b ias  i n  s a t e l l i t e  r e t r i e v e d  temperatures .  For i 

I 

t h i s  reason,  the  g rad ien t  in format ion  is o f t e n  more r e l i a b l e  than the  

a b s o l u t e  values  ( H i l l g e r  and Vonder Haar, 1977; Chesters  e t  a l . ,  1981). 
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I t  was found t h a t  us ing  VAS data improved the  f o r e c a s t  of developing 

p o t e n t i a l  i n s t a b i l i t y  (measured by the 500-mb l i f t e d  index)  i n  reg ions  

where VAS better resolved mesoscale temperature and moisture f ea tu res .  

Also t he  high temporal r e so lu t ion  of the  VAS d a t a  a l lows r a t h e r  

cont inuous d a t a  a s s i d l a t i o n  dur ing  the  e a r l y  p a r t  of a numerical 

f o r e c a s t .  Cram and Kaplan (1984) found t h a t  a s s i m i l a t i n g  s a t e l l i t e  

d a t a  from more than one time made a greater impact on the  fo recas t .  

1.2 Research Objec t ives  

I n  t h i s  s tudy,  VASderived temperature and moisture  data, 

a v a i l a b l e  f o r  a 12-hour period on 20-21 J u l y  1981, were used t o  

i n v e s t i g a t e  the  u t i l i t y  of VAS sounding d a t a  i n  the  i n i t i a l i z a t i o n  of a 

mesoscale model. Both the impact of sa te l l i t e  d a t a  upon f o r e c a s t  s k i l l  

and t h e  method of VAS data a s s i m i l a t i o n  were evaluated.  Three types of 

d a t a  were employed: 

g l o b a l  a n a l y s i s .  Seve ra l  d i f f e r e n t  combinations of these  datasets 

were used t o  i n i t i a l i z e  the mesoscale model. Unlike the  C r a m  and 

Kaplan (1984)  s tudy ,  t he  absolu te  values  and not t he  g r a d i e n t s  of 

VAS-derived temperature  and moisture  were used i n  a successive-  

c o r r e c t i o n  type of o b j e c t i v e  a n a l y s i s  s c h e m  (Benjamin and Seaman, 

1985) . 

radiosonde data, VAS d a t a ,  and data from a smooth 

A s tandard  s t a t i c - i n i t i a l i z a t i o n  procedure as w e l l  as a dynamic- 

i n i t i a l i z a t i o n  technique ,  t h a t  is based on a Newtonian nudging 

procedure,  were employed. Geostrophic  adjustment theory sugges ts  t h a t  

f o r  mesoscale m t i o n s ,  the temperature f i e l d  a d j u s t s  t o  the  wind f i e l d .  

Therefore ,  it is p o s s i b l e  t h a t  dur ing  the  f o r e c a s t ,  the  wind f i e l d ,  
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analyzed us ing  d a t a  s o l e l y  from a synopt ic -sca le  radiosonde network, 

could smooth out  some of t h e  mesoscale d e t a i l  i n  the  temperature f i e l d  

provided by the  VAS satell i te data .  The d y n a d c - i n i t i a l i z a t i o n  per iod 

a l lows  t h e  wind f i e l d  to a d j u s t  t o  the VAS-scale temperature  a n a l y s i s ,  

even though t h i s  is a t tempt ing  t o  fo rce  the  adjustment  i n  an unnatura l  

way f o r  t h i s  scale of motion. 

1.3 Thesis O r g a n i z a t i t i o n  

Chapter  2 d e s c r i b e s  the VAS ins t rument ,  t h e  VAS dataset used f o r  

t h i s  r e sea rch ,  and the cons is tency  between t h e s e  data and radiosonde 

da ta .  The 20-21 J u l y  1981 s y n o p t i c  s i t u a t i o n  is discussed  i n  

Chapter  3. Chapter 4 relates how VAS-derived temperature  and m i s t u r e  

d a t a  were inco rpora t ed  i n t o  an  ob jec t ive -ana lys i s  scheme. It a lso  

compares i n i t i a l  condi t ions  wi th  and wi thout  VAS da ta .  The 

exper imenta l  design f o r  model f o r e c a s t s  us ing  va r ious  i n i t i a l  

c o n d i t i o n s  is desc r ibed  in Chapter 5 .  The numerical  model used t o  

perform these  experiments  is discussed  in Chapter 6 .  Chapter  7 

d e s c r i b e s  t h e  f o r e c a s t  v e r i f i c a t i o n  and p resen t s  the  r e s u l t s  of a l l  t he  

experiments.  F i n a l l y ,  Chapter 8 con ta ins  a summary and some 

conclus ions .  
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2.0 DESCRIPTION OF THE 20 JULY 1981 VAS DATA 

f 

i sa t e l l i t e  i n  1980, is a major improvement over the  VISSR which was 
i 

The VISSR Atmospheric Sounder, f i r s t  launched aboard the  GOES-4 i 

f i r s t  c a r r i e d  on t he  Sl!j/GOES-series sa te l l i t e  during the  1970's. 

S i t u a t e d  on a geosynchronous sa te l l i t e ,  the  VAS can monitor t he  

development of mesoscale weather  systems. This chapter  inc ludes  a 

d e s c r i p t i o n  of the  VAS ins t ruments ,  t he  r e t r i e v a l  a lgori thm, and the  

accuracy  of VAS-derived temperature  and moisture prof iles. For more 

informat ion  on t he  VAS ins t ruuen t  and r e t r i e v a l  method r e f e r  t o  

Ches te rs  et  a l .  (1982),  Lee et a l .  (1983), and Sn i th  (1983). The 

20 July 1981 d a t a s e t  used f o r  t h i s  research  w i l l  a l s o  be discussed.  

2.1 Descr ip t ion  of t he  VISSR Atmospheric Sounder 

The VAS senses  upwelling rad iances  i n  12 s p e c t r a l  bands. Each of 

t h e  12 channels  has a 15-km h o r i z o n t a l  r e s o l u t i o n  a t  nad i r  (some a lso  

have a 7-km r e s o l u t i o n )  and a 5-km v e r t i c a l  r e so lu t ion .  Channel 

wavelengths,  chosen t o  d i s  t i n g u i s h  the e f f e c t s  of t ropospher ic  

temperature ,  mois ture ,  and cloud cover  upon upwelling rad iances ,  l i e  

between 4 and 15 microns. Of t hese  12 channels ,  7 are used t o  d e t e c t  

temperature ,  3 measure mois ture ,  and 2 wlndow channels sense su r face  

temperatures. 

The VAS can be operated i n  two modes: a Dwell Sounding (DS) mode 

and a Mult i -Spectral  Imaging (MSI) mode. 

determine complete temperature and moisture p r o f i l e s .  

The DS mode is used t o  

It uses  
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rad iances  from a l l  12 channels and employs two methods f o r  improving 

channel s igna l - to -no i se  r a t io .  The f i r s t  method, c a l l e d  "dwell 

I averaging",  temporal ly  averages channel rad iances  from s e v e r a l  s p i n s  

a long the  same l i n e .  This  is p o s s i b l e  because the  VAS sp ins  i n  a west 

t o  east d i r e c t i o n  a t  100 revolu t ions  per minute. Channel no ise  

c h a r a c t e r i s t i c s  determine the requi red  number of sp ins  t o  be averaged 

ove r ,  o r  t he  s p i n  budget, for  each channel. I n  the  second method, 

s p a t i a l l y  averaging the  radiances of s e v e r a l  f ields-of-view f u r t h e r  

reduces rad iometr ic  no i se  but a lso  lowers the  e f f e c t i v e  h o r i z o n t a l  

r e so lu t ion .  I n  the  DS mode, t h e  VAS can observe a band of e a r t h ,  20 

degrees  i n  l a t i t u d e  wide ,  i n  approximately 30 minutes. 

The presence of low clouds,  high t e r r a i n ,  and i r r e g u l a r  s u r f a c e  

emissions makes the  accura te  i n t e r p r e t a t i o n  of VAS rad iance  d a t a  

impossible .  For t h i s  reason, c a r e f u l  s e l e c t i o n  of sounding sites is 

necessary f o r  success fu l  soundings. 

2.2 Procedure f o r  VAS-Based Temperature and Moisture R e t r i e v a l s  

Jed lovec  (1984) cites t h r e e  VAS r e t r i e v a l  methods: phys i ca l ,  

modified phys ica l ,  and l i n e a r  regress ion .  For phys ica l  r e t r i e v a l s ,  an 

i n v e r t e d  form of the r a d i a t i v e  t r a n s f e r  equat ion  is solved i t e r a t i v e l y .  

The modified phys ica l  procedure uses  an analyt ic  s o l u t i o n  t o  enhance 

v e r t i c a l  s t r u c t u r e .  Smith (1983) d e s c r i b e s  these  two procedures i n  

d e t a i l .  I n  the  l i n e a r  regress ion  techinque,  l o c a l  radiosonde and 

s u r f a c e  d a t a  determine s t a t i s t i c a l  r e l a t i o n s h i p s  between radiance d a t a  

and sounding s t r u c t u r e  so t h a t  temperature  and moisture p r o f i l e s  can 

be es t imated  from radiance measurements. Ches te rs  e t  al .  (1982) and 
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Lee et al. (1983) e x p l a i n  l i n e a r  r eg res s ion  r e t r i e v a l s .  The d a t a  used 

i n  t h i s  r e sea rch  were obtained using the  l i n e a r  r eg res s ion  approach. 

The accuracy of t he  VAS r e t r i e v a l s  depends upon the  q u a l i t y  and 

a v a i l a b i l i t y  of convent ional  d a t a  used in t he  regress ion .  

Ches te rs  et a l .  (1982) found t h a t  r e t r i e v a l s  using " loca l "  weather 

s ta t i s t ics  have smaller re s idua l  e r r o r s  than those  using "global"  da t a .  

Coincident  s a t e l l i t e / r a d i o s o n d e  observa t ions  are o f t e n  used t o  ensure 

good s t a t i s t i ca l  t r a i n i n g  and t o  provide a means f o r  r e t r i e v a l  t e s t i n g .  

VAS r e t r i e v a l s  are only poss ib l e  over c loud les s  regions because 

t h e  l i n e a r  r e g r e s s i o n  technique assumes clear-column radiances.  I n  

o r d e r  t o  have enough radiosonde d a t a  f o r  an accu ra t e  r eg res s ion ,  it may 

be necessary  t o  select radiosonde observa t ions  near the  edge of clouds.  

For t hese  cases, i t  is necessary t o  i n c r e a s e  the  radiosondes '  dewpoint 

dep res s ions  so t h a t  better r eg res s ion  c o r r e l a t i o n s  w i t h  c l e a r - a i r  

r ad iances  are achieved. Although a d j u s t i n g  radiosonde observa t ions  in 

t h i s  manner b i a ses  retrievals toward d r i e r  air, i t  nea r ly  always 

improves VAS r e t r i e v a l s  . 
Lee et al .  (1983) found t h a t  using s u r f a c e  temperature and dew- 

p o i n t  temperature  da t a  i n  the  s t a t i s t i ca l  t r a i n i n g  base s i g n i f i c a n t l y  

improved VAS-derived temperature and dewpolnt temperature values  i n  the  

boundary layer .  Surface data a r e  necessary because VAS channel 

weight ing func t ions  a r e  too broad t o  r e so lve  the  f i n e  v e r t i c a l  

temperatures  and w i s t u r e  s t r u c t u r e  of the boundary layer .  Near 

midday, su r f ace  temperatures a r e e s p e c i a l l y  important because radiosonde 

t r a i n i n g  is not a v a i l a b l e  and because su r face  (skin) temperatures  from 

t h e  VAS window channels are too high. 
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2.3 Accuracy of VAS-Derived Temperature and Moisture Soundings 

Ches t e r s  et al. (19821, Jed lovec  (1984),  Lee et a l .  (19831, and 
t 

Mostek et  al. (1983) have i n v e s t i g a t e d  the  accuracy of VAS-derived 

tempera ture  and moisture  soundings by comparing t h e  VAS d a t a  with 

a p p r o p r i a t e  radiosonde data .  

i 
I 
I Mostek e t  a l .  (1983) used convent ional  radiosonde d a t a  t o  eva lua te  

. t h e  accuracy  of VAS-derived temperature  and dewpoint temperature  data 

from 6 h r c h  1982. R e t r i e v a l  r e s i d u a l s  (root-mean-square d i f f e r e n c e s )  

were c a l c u l a t e d  f o r  t h e  same radiosonde observa t ions  used f o r  the  

r e g r e s s i o n  equat ion.  Residuals  f o r  both temperature  and dewpoint 

tempera ture  were best at  the s u r f a c e  (less than 1 ° C )  because of t h e i r  

h igh  c o r r e l a t i o n  wi th  s u r f a c e  repor t s .  Temperature e r r o r s  were greater 

a t  920 mb and 850 mb (ZOC),  and then they decreased with he ight  through 

t h e  500-mb l e v e l  (1.4'C). Dewpoint temperature  r e t r i e v a l  r e s i d u a l s  
i 

i nc reased  wi th  he ight  through the  700-b l e v e l  (4.3'C). Above 700 mb, I 
t h e  l a r g e  mis t u r e  var iance rendered f u r t h e r  comparison impossible  . 

i Ches te r s  e t  al. (1982) and Lee e t  a l .  (1983) found similar r e t r i e v a l  

i r e s i d u a l s  f o r  d i f f e r e n t  cases. Ches te rs  et  al .  (1982) r epor t ed  t h a t  
j 

i 

t h e s e  e r r o r s  were comparable t o  those of po la r -o rb i t i ng  satel l i tes .  

A number of f a c t o r s  c o n t r i b u t e  t o  e r r o r s  in V A S  r e t r i e v a l s .  The 

VAS has poor vertical r e s o l u t i o n  because its i n f r a r e d  channels  have 

such  broad weight ing func t ions .  This  poor v e r t i c a l  r e s o l u t i o n  makes it  

imposs ib le  t o  c o n s i s t e n t l y  cap tu re  f i n e  v e r t i c a l  s t r u c t u r e  i n  the  

atmosphere. It fo l lows  tha t  l a r g e  temperature and dewpoint 

tempera ture  e r r o r s  are mre l i k e l y  t o  occur j u s t  above the  su r face  

where t h e r e  is greater atmospheric v a r i a b i l i t y .  Jed lovec  (1984 
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r e p o r t s  t h a t  the g r e a t e s t  temperature e r r o r s  are a s soc ia t ed  with 

temperature  inve r s ions  . Large temperature  e r r o r s  are a l s o  probable 

near  t he  tropopause because the  VAS'S 15 micron CO2 channels  cannot 

r e so lve  the  marked changes i n  lapse rate c h a r a c t e r i s t i c  of t he  tropo- 

pause. Accurate moisture  sounding i n  the  lower troposphere is 

d i f f i c u l t  because t h e r e  is only one channel designed t o  sense moisture  

a t  t h i s  l eve l .  Instrument  no i se  and c a l i b r a t i o n  e r r o r  are o t h e r  

sou rces  of e r r o r .  

Ches t e r s  et al. (1982) found t h a t  t he  mean e r r o r s  i n  VAS 

r e t r i e v a l s  were g r e a t e r  than t h e  s t anda rd  devia t ions .  This  suppor ts  

t he  theory  t h a t  g r a d i e n t  information from VAS retrievals may be more 

u s e f u l  than a b s o l u t e  values ( H i l l g e r  and Vonder Haat, 1977; 

Ches te rs  et a l . ,  1982). Ches te rs  e t  al .  (19821, Jedlovec (19841, and 

E4ostek et  a l .  (1983) a l l  found t h a t  the  VAS was usua l ly  ab le  t o  cap tu re  

temperature  and moisture  g r a d i e n t s ,  however, these  VAS g r a d i e n t s  were 

of t e n  too weak. 

2.4 Desc r ip t ion  of VAS-Derived Temperature and Dewpoint Temperature 
Data f o r  20 J u l y  1981 

The VAS-derived temperature and dewpoint temperature d a t a  used i n  

t h i s  s tudy  were supp l i ed  by the  Severe Storms Branch, Laboratory f o r  

Atmospheres at the  Goddard Space F l i g h t  Center. 

d i s c u s s e s  the  d e t a i l s  of t h i s  d a t a s e t .  The VAS-derived temperature  and 

Keyser (1983) 

dewpoint temperature  soundings were a v a i l a b l e  a t  f i v e  times : 1202, 

1502, 1802, 2102, and 2301 GMT 20 J u l y  1981. R e t r i e v a l  s i t e s  were 

approximately 100 km apar t  and were loca ted  between 29" and 48"N and 

86" and 102"W. V A S  soundings ranged i n  number from 192 t o  225, 
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depending on cloud cover. VAS-derived temperature  and dewpoint 

temperature  values  were def ined on f i f t e e n  p res su re  Levels : 1000, 920, 

850, 700, 600, 500, 400, 350, 300, 250, 200, 175, 150, 125, and 100 rub. 

The d a t a  a l s o  included estimates of s u r f a c e  va lues  of p re s su re ,  

t empera ture ,  and dewpoint temperature . Surface  temperature and 

dewpoint temperatures  were i n t e r p o l a t e d  b i l i n e a r l y  from s u r f a c e  airways 

s i t e s  t o  r e t r i e v a l  loca t ions .  

I 

Radiosonde observa t ions  from 1200 C;MT 20 J u l y  (26) and from 

0000 QlT 21 J u l y  (24),  were used t o  c a l c u l a t e  t he  co r re l a t ion -  

c o e f f i c i e n t  matrix. Vi s ib l e  imagery helped ensure  t h a t  radiosonde 

soundings were s e l e c t e d  from cloud-free regions.  Radiance laeasurements 

1 from 11 VAS channels and su r face  airways observa t ions  comprised the  

s t a t i s t i ca l  p r e d i c t o r s  f o r  t h i s  regress ion .  

2.5 Comparison of VAS and Radiosonde Temperature and Dewpoint 
Temperature Data f o r  20 J u l y  1981 

Temperature and dewpoint temperature  d a t a  from the  VAS and 

radiosonde observa t ions  were compared t o  determine the  cons is tency  

between the  two d a t a s e t s .  Radiosonde obse rva t ions  from both 1200 GMT 

and 0000 GMT were s e l e c t e d ,  provided t h a t  they were loca ted  i n  an area 

having a s u f f i c i e n t  dens i ty  of 1202 WT and 2301 GMT VAS data .  For 

each case, a composite VAS-derived temperature  and dewpoint 

temperature  sounding w a s  produced by i n t e r p o l a t i n g  nearby VAS soundings 

t o  the  radiosonde loca t ion  us ing  a distance-weighted in f luence  

func t ion .  A c o r r e c t i o n  was app l i ed  t o  the  radiosonde l o c a t i o n  a t  each 

l e v e l  t o  account f o r  balloon d r i f t .  Twenty-five p a i r s  of radiosonde 

and i n t e r p o l a t e d  VAS soundings were then compared by computing 
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root-nean-square (rms) d i f f e rences  and mean d i f f e r e n c e s  a t  the 

o b j e c t i v e  a n a l y s i s  pressure  l e v e l s .  

D i f f e rences  between the d a t a  r e s u l t e d  from v e r t i c a l  i n t e r p o l a t i o n  

of t he  VAS and radiosonde data  t o  the  a n a l y s i s  l e v e l s ,  from the hor i -  

z o n t a l  i n t e r p o l a t i o n  t o  the  l o c a t i o n  of each radiosonde observa t ion ,  

from the  h o r i z o n t a l  i n t e r p o l a t i o n  t o  the  l o c a t i o n  of each radiosonde 

obse rva t ion ,  from e r r o r s  i n  r e g r e s s i o n  equat ions ,  and from the  

measurement error of both the VAS and radiosonde instruments .  The 

r e l a t i v e  c o n t r i b u t i o n  from each of t hese  sources  of e r r o r  was d i f f i c u l t  

t o  assess, but from a p r a c t i c a l  s t a n d p o i n t ,  t h e  d i f f e r e n c e s  d i d  reflect 

how i n c o n s i s t e n t  t he  two data  sources  were f o r  each of the a n a l y s i s  

p re s su re  l e v e l s  . 
Figures  2.la and 2.lb i l l u s t r a t e  both the  r m s  d i f f e r e n c e s  and t h e  

mean d i f f e r e n c e s  between h o r i z o n t a l l y  i n t e r p o l a t e d  VAS-derived 

tempera tures  and radiosonde temperatures  at each of the  a n a l y s i s  l e v e l s  

f o r  1200 GMT and 0000 GMT. F igures  2.2a and 2.2b do l ikewise  f o r  

interpolated-VAS and radiosonde dewpoint temperatures .  For both 

tines, temperature  rms d i f f e rences  are greatest  below the  850-mb l e v e l  

and then  g radua l ly  decrease  with he igh t  through t h e  middle 

t roposphere.  Dewpoint temperature rms d i f f e r e n c e s  are lowest below 

850 mb and inc rease  markedly with he ight  above t h i s  l e v e l .  Mean 

temper ture  d i f f e r e n c e s  a t  1200 GNT i n d i c a t e  a cold bias  f o r  

VAS-derived temperatures  between the  s u r f a c e  and 850 mb; above 850 mb, 

VAS-derived temperatures  do not have any sys t ema t i c  b ias .  There is a 

weak w a r m  b i a s  f o r  VAS-derived tempera tures  throughout the  t roposphere  

a t  0000 CXT. There appears  t o  be no sys t ema t i c  b ias  i n  the 



F i g u r e  2.1 Dif fe rences  between radiosonde tempera tures  and VAS 
remcera tures  i n t e r p o l a t e d  t o  radiosonde l o c a t i o n s .  
Each dot  r e p r e s e n t s  an in te rcompar ison  of the  t w o  
d a t a  ssts at a rad iosonde  s i te .  Comparisons were 
aade  a t  t he  l e v e l s  f o r  which ob jec t ive . ana lyses  of 
t h e  i n i t i a l  da t a  were performed by the  model 
p rep rocess ing  sof tware .  Numbers i n  parentheses  at  
t h e  l e f t  and right :if any) show t he  va lue  of 
rempera ture  d i f f e r e n c e s  t h a t  f a l l  o f f  t he  scale. The 
Line shows the a r i t h m e t i c  average  of t he  d a t a  d i f -  
f e r e n c e s  to  i l l u s t r a t e  t h e  e x i s t e n c e  of any 
s y s t e m a t i c  bias  at  a g iven  l e v e l .  
a. 1200 QfT 20 J u l y  1981 
b. 0000 (XI 20 J u l y  1981 
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Figure 2.2 Same as Fig .  2 .1  except dewpoint temperature d i f -  
ferences are shown. 
a .  1200 GMT 20 July 1981 
b. 0000 GMT 21 July 1981 
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VAS-derived dewpoint temperatures for e i ther  time. These temperature 

and dewpoint temperature nus differences are consistent  with similar 

s tudies  reviewed ear l i er  in t h i s  chapter. 



1 8  

3 -0 SYNOPTIC DISCUSSION 

The synopt ic  s i t u a t i o n  p r e v a i l i n g  during the  20 J u l y  1981 

case-study per iod has been d iscussed  by Smith e t  al.  (1982),  Keyser 

(1983) ,  Pe te rsen  et al. (1983a,b), and C r a m  and Kaplan (1984). 

I n f r a r e d  imagery from 0000 @lT 2 1  J u l y  (Fig. 3 . 1 ~ )  shows two major 

a r e a s  of convect ion t h a t  evolved dur ing  the day l igh t  hours of 

20 J u l y  1981 over c e n t r a l  United S ta t e s .  The f i r s t  convect ive cell, 

which extended over  e a s t e r n  Missouri  and southern  I l l i n o i s ,  became 

v i s i b l e  a t  approximately 2000 QlT and d r i f  t ed  southeastward dur ing  t h a t  

a f te rnoon.  The second major  convect ive area, a l i n e  of c e l l s  

extending from the  Texas panhandle, across  Oklahoma, and i n t o  southern  

Missouri  developed a f t e r  2100 GMT. I n f r a r e d  imagery f o r  1200 c;MT 

(F ig .  3 . la)  i n d i c a t e s  t h a t  t he  pre-convective environment over much of 

t h e  c e n t r a l  United S t a t e s  was cloud f r ee .  This  is important because 

VAS-derived temperature  and moisture  soundings can only be obta ined  

du r ing  clear condi t ions .  

3 . 1 Surf ace Fea tures  

F igures  3.2a, 3.2b, and 3 . 2 ~  are s u r f a c e  c h a r t s  fo r  1200 GlT and 

1800 GMT 20 J u l y  and 0000 GMT 21 J u l y  r e spec t ive ly .  

s t a t i o n a r y  f r o n t  extended from a weak low p res su re  system over  

Michigan, westward t o  Colorado. This f r o n t  s epa ra t ed  warm,  moist air 

over  the  south central states from coo le r ,  d r i e r  a i r  t o  the  north.  

South of t h e  f r o n t ,  sur face  winds yere s o u t h e r l y  and dewpoints reached 

75'F i n  Missouri  and Arkansas. Temperatures and dewpoints were 

A t  1200 GMT, a 
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Figure 3.2 Sequence of surface charts. 
a. 1200 GMT 20 July 1981 
b. 
C. 

1800 GHT 20 July 1981 
0000 GiT 21 July 1981 
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s i g n i f i c a n t l y  lower nor th  of the f r o n t .  By 1800 GMT, t he  f r o n t  had 

d r i f t e d  southward i n t o  Missouri and Kansas and s u r f a c e  wind confluence 

was apparent  a long the  f r o n t  from Missouri  t o  I l l i n o i s .  The i n i t i a l  

s t a g e s  of the  l a r g e  convective area t h a t  developed i n  e a s t e r n  Missouri  

and southern  I l l i n o i s  are apparent i n  the  1800 GMT i n f r a r e d  imagery 

(Fig.  3.lb) j u s t  t o  the south of the  f r o n t .  By 0000 GMT 21 J u l y ,  t he  

f r o n t  (now considered a cold f r o n t )  had advanced i n t o  southern  

Missour i  and I l l i n o i s .  In f r a red  imagery from 0000 GNT (Fig.  3 . 1 ~ )  

shows two convect ive  systems a l igned  wi th  the  cold f r o n t :  a l i n e  of 

cel ls  through Oklahoma and a massive convect ive system over eastern 

Wissouri ,  southern  I l l i n o i s ,  and southern  Indiana.  

3.2 Upper Air Fea tures  

The 500-mb c h a r t s  f o r  1200 QlT 20 J u l y  and 0000 c;MT 21 J u l y  

(Figs. 3.3a and 3.3b) i n d i c a t e  a s h o r t  wave was moving toward the  upper 

X i s s i s s i p p i  Valley. Associated wi th  t h i s  s h o r t  wave was a reg ion  of 

s i g n i f i c a n t  co ld-a i r  advect ion which d e s t a b i l i z e d  the  atmosphere, 

c o n t r i b u t i n g  t o  the  development of convect ion i n  Missouri .  This  reg ion  

of co ld-a i r  advect ion was s i t u a t e d  beneath an upper-level j e t  s t r e a k  

which propagated from eas t e rn  Nebraska t o  I l l i n o i s  between 1200 GMT 

20 J u l y  and 0000 GMT 21 Ju ly  (Figs .  3.4a and 3.4b) 

Two i n t r u s i o n s  of dry  a i r ,  i n d i c a t e d  by a n a l y s i s  of 6.7 micron VAS 

imagery (Smith e t  a l . ,  1982; Keyser, 1983; Pe tersen  e t  a l . ,  1983a),  

were poss ib ly  important f a c t o r s  a s s o c i a t e d  with the  outbreak of the  two 

prev ious ly  mentioned areas of convection. The f irst  i n t r u s i o n  of dry  

a i r  w a s  a s s o c i a t e d  with the s t r o n g e s t  flow around a mid-level s h o r t  
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Figure 3 .3  Streamline and i sotach analys is  of the 500-mb wind. 
The contour in terva l  for wind speed is 10 ms-1. 
a .  
b. 

1200 C;MT 20 July 1981 
0000 GlT 21 July 1981 
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Figure 3.4 Streamline and i so tach  analys is  of the 300-mb wind. 
The contour interval  for wind speed  is 10 rns-1. 
a .  1200 QlT 20 July 1981 
b.  0000 GlT 21 July 1981 
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wave. A t  1200 GMT t h i s  d ry  i n t r u s i o n  extended from Montana, through 

western South Dakota, Nebraska, no r the rn  Xi s sour i  and Iowa, and i n t o  

southern  Wisconsin. The southeastward movement of t h i s  p a t t e r n  is 

ev iden t  in Figs.  3.5a-d, which have contours  of der ived  

upper- t ropospheric  r e l a t i v e  humidity superimposed over  imagery from the  

VAS 6.7 micron channel used i n  d e l i n e a t i n g  mid-and upper-level moisture  

p a t t e r n s  (Smith et a l . ,  1982). The l a r g e  area of convect ion over 

e a s t e r n  Missouri  and I l l i n o i s  is apparent  i n  Fig. 3.5d. The second dry 

i n t r u s i o n  extends from the  Texas/Oklahoma panhandle ac ross  Kansas and 

moved southeastward i n t o  c e n t r a l  Oklahoma. It was probably a s soc ia t ed  

wi th  subsidence upstream at high  l e v e l s ,  r e l a t e d  t o  along-stream 

v e l o c i t y  convergence near  300 mb (Pe te r sen  e t  a l . ,  1983a). These two 

mid- and upper-level dry i n t r u s i o n s  l ed  t o  a decrease  in p o t e n t i a l  _ _  
a eW 

az 
s t a b i l i t y .  Because va lues  f o r  p o t e n t i a l  s t a b i l i t y  (-1 were never 

determined,  it is unce r t a in  whether t hese  dry  i n t r u s i o n s  produced a 

p o t e n t i a l l y  uns t ab le  environment, which would have been conducive t o  

thunderstorm development in both Missouri  and Oklahoma. 

3.3 Descr ip t ion  of Convective Systems 

The massive thunderstorms over e a s t e r n  Missouri  and southern  

I l l i n o i s  began when two smaller ce l l s  merged a t  approximately 2000 CMT 

20 Ju ly .  

(Figs .  3.6a and 3.6b) show t h i s  system developing and moving 

southeastward i n t o  southern I l l i n o i s .  F igure  3.6b i n d i c a t e s  t h a t  

cloud-top he igh t s  reached 61,000 f e e t  i n  I l l i n o i s  f o r  0035 Qff 2 1  Ju ly .  

Four tornadoes,  h a i l ,  and wind speeds up t o  50 miles per  hour were 

Radar composites f o r  2035 GMT 20 J u l y  and 0035 GMT 21  J u l y  
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Figure 3.5 Sequence of upper tropospheric r e l a t i v e  humidity 
(%/lo) over the VAS image of 6.7-pm atmospheric water 
vapor radiance emission (Smith, 1982) . 
a. 1200 GMT 20 July 1981 

C .  1800 GET 20 July 1981 
d .  2100 GfT 20 July 1981 

b o  1500 CXT 20 July 1981 
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Figure 3.6 Radar composites. 
a. 2035 GMT 20 July 1981 
b e  0035 GMT 21 July 1981 



T 31 



32 

observed i n  Missouri  between 1900 GEiT and 2100 GMT (Keyser, 1983). 

Recorded r a i n f a l l  amounts f o r  t h i s  area, between 1200 GMT and 0000 GNT, 

were as l a r g e  as 0.8 inches (Fig.  3.7). 

The r ada r  composite f o r  0035 GMT 21 J u l y  (Fig.  3.6b) shows the  

f u l l y  developed l i n e  of convection t h a t  s t r e t c h e d  from the  Texas 

panhandle ac ross  Oklahoma i n t o  southern  Missouri .  

reached 57,000 f e e t  i n  no r theas t e rn  Oklahoma and southern  U s s o u r i .  

Only one r a i n f a l l  observa t ion  (0.37 inches )  was recorded f o r  the  pe r iod  

1200 GMT t o  0000 GMT in  Oklahoma. 

Cloud top he igh t s  

During t h i s  same period,  t h e r e  were s e v e r a l  o t h e r  d i s t i n c t  areas 

of thunderstorm a c t i v i t y  wi th in  the  VAS sounding network. A l i n e  of 

convect ion developed i n  northwest I l l i n o i s  a t  approximately 1700 G3lT 

and moved eastward ac ross  no r the rn  I l l i n o i s  (Figs .  3.lb and 3.6a). 

Another convect ive system began i n  northwestern Iowa a t  1900 GMT 

(Fig.  3.6a) and d r i f t e d  i n t o  south-cent ra l  Iowa by 0000 GMT 

(Figs .  3.1~ and 3.6b) before weakening. Recorded p r e c i p i t a t i o n  from 

t h i s  storm reached 0.3 inches i n  c e n t r a l  Iowa (Fig.  3.7). F i n a l l y ,  

between 1700 GMT and 1800 GMT, another  area of convect ion formed i n  

no r th -cen t r a l  Kansas. It matured and moved eastward i n t o  n o r t h e a s t e r n  

Kansas (Figs.  3.lb and 3.6a) before  d i s s i p a t i n g  s h o r t l y  a f t e r  

2200 a4T. 

I 
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I I 
Figure 3.7 Cumulative precipitation amounts (tnches) for the 12-h 

forecast period from 1200 GMT 20 July through 0000 c;MT 
21 July 1981. Shaded area have amounts greater than 
one inch. 



4.0 ANALYSIS OF THE VAS DATA 

VAS-derived temperature and moisture  soundings and convent iona l  

radiosonde d a t a ,  both a v a i l a b l e  a t  1200 GMT 20 J u l y  1981 and 0000 C;MT 

21 J u l y  1981 over  the  c e n t r a l  United S t a t e s ,  were used t o  enhance 

f i r s t - g u e s s  f i e l d s  based upon Nat iona l  Meteoro logica l  Center (NMC) 

h e d s p h e r i c  oc tagonal  g r i d  data. These ana lyses  served  as the  basis 

f o r  t he  i n i t i a l  and boundary cond i t ions  of the  model s imula t ions .  

F igu re  4.1 shows the  ana lys i s  and computat ional  domain f o r  t h i s  

r e s e a r c h  and the  l o c a t i o n s  f o r  t h e  1200 GNT VAS and radiosonde 

soundings.  The high ho r i zon ta l  r e s o l u t i o n  of the  VAS d a t a  i n  the  

c e n t r a l  po r t ion  of t h e  domain is c l e a r l y  ev ident  from t h i s  f i gu re .  

R e l a t i v e l y  l a r g e  gaps in the d i s t r i b u t i o n  of the VAS d a t a  occur  over 

p a r t s  of Nebraska and Kansas. These areas correspond t o  cloudy 

r eg ions ,  apparent  in the  1200 GMT i n f r a r e d  imagery (Fig.  3 . la ) .  

4.1 A Review of the  Object ive Analysis  Procedure Used With the  
PSU/NCAR Mesoscale Model 

A successive-correct ion type of o b j e c t i v e  a n a l y s i s  procedure was 

used t o  ana lyze  the  radiosonde and V A S  da ta .  This  type of o b j e c t i v e  

a n a l y s i s  procedure,  f i r s t  developed by Cressman (1959),  uses  a series 

of success ive ly  smaller co r rec t ive  scans  around obse rva t ion  po in t s  t o  

improve t h e  g r i d  poin t  values of the  f i r s t  guess  o r  prev ious  a n a l y s i s .  

I n  Cressman's o b j e c t i v e  ana lys i s  procedure,  each observa t ion  has a 

c i r c u l a r  area of inf h e n c e  with a distance-dependent weighting func t ion  

ranging  from 0.0 t o  1.0. Cor rec t ions  are based upon d i f f e r e n c e s  
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Ftgure 4.1 Analysis and computational domain fo r  20 July 1981 
case. The locations f o r  1200 (2lT radiosonde and VAS 
observations are indicated by as ter i sks  and dots ,  
respectively.  
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between the  i n t e r p o l a t e d  values of the f i r s t - g u e s s  f i e l d  a t  the  

obse rva t ion  po in t s  and the observed values  . 
Under c e r t a i n  condi t ions ,  meteoro logica l  v a r i a b l e s ,  p a r t i c u l a r l y  

wind and moisture ,  e x h i b i t  a s t r e a k e d  pa t t e rn .  This phenomenon is 

commonly accounted f o r  i n  sub jec t ive  a n a l y s i s  procedures With t h i s  

in mind, Inman (1970) appl ied an e l l i p t i c a l  weighting func t ion  i n  an 

ob jec t ive -ana lys i s  scheme. This  improved ana lyses  f o r  s t r a i g h t  f low 

bu t  was found t o  be i n s u f f i c i e n t  i n  areas of high wind speed and s t r o n g  

c u r v a t u r e  (Anthes et  al., 1982). For curved flow, a simple curved 

e l l i p s e  o r  a "banana-shaped" weight ing func t ion  would be more 

a p p r o p r i a t e .  Benjamin and Seaman (1985) developed a "banana-shaped" 

weight ing  func t ion  f o r  t he  o b j e c t i v e  a n a l y s i s  procedure t h a t  is used 

w i t h  t h e  PSU/NCAR mesoscale model . 
I n  the  o b j e c t i v e  a n a l y s i s  procedure used i n  this s tudy ,  t he  

i n f l u e n c e  region surrounding an observa t ion  may have one of t h r e e  

p o s s i b l e  shapes: c i r c u l a r ,  e l l i p t i c a l ,  o r  c u r v e d - e l l i p t i c a l .  Because 

tempera ture  f i e l d s  seldom have t h i s  s t r eaked  pattern,  only the  c i r c u l a r  

weight ing  func t ion  is used to  analyze temperature.  A pressure-  

dependent c r i t i ca l  wind speed is determined f o r  each a n a l y s i s  l e v e l .  

The e l l i p t i c a l  and "banana" weight ing func t ions  are only used f o r  

obse rva t ions  where the  observed wind speed exceeds t h i s  c r i t i c a l  va lue .  

I f  t h i s  c r i t e r i o n  is m e t ,  then  the  s t r eaml ine  r ad ius  of cu rva tu re  at 

t h e  obse rva t ion  poin t  determines whether t he  e l l i p t i c a l  or t he  "banana" 

f u n c t i o n  i s  used. The "banana" func t ion  is requi red  when the  r ad ius  of 

c u r v a t u r e  is less than three times the i n i t i a l  r ad ius  of i n f luence  about 
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t h e  obse rva t ion  poin t .  This i n i t i a l  r ad ius  of in f luence  is 1.6 times 

t h e  average spac ing  of the upper a i r  s t a t i o n s  (approximately 325 km f o r  

North America). The radius  of i n f luence  is  decreased by mul t ip ly ing  

t h e  previous scan  r ad ius  by 0.7. 

radiosonde da ta ,  fou r  scans are made f o r  a l l  analyzed v a r i a b l e s  except  

r e l a t i v e  humidity,  which r equ i r e s  f i v e  scans.  For a p a r t i c u l a r  scan ,  

on ly  those  g r i d  po in t s  f a l l i n g  wi th in  the  r ad ius  of in f luence  may be 

c o r r e c t e d  by the  observed value. 

I n  the  a n a l y s i s  of convent ional  

In a l l  of t h e  ob jec t ive  a n a l y s i s  experiments used i n  t h i s  

r e sea rch ,  temperature ,  r e l a t i v e  humidity, and the  u and v components of 

the wind were analyzed at t h e  s u r f a c e  and at all of the mandatory 

p res su re  l e v e l s  from 850 t o  100 mb. Add i t iona l  a n a l y s i s  l e v e l s  were 

s e l e c t e d  a t  980, 940, 900, 780, and 600 mb t o  improve the  v e r t i c a l  

r e s o l u t i o n  i n  the  lower troposphere,  S t a t i o n  observa t ions  of su r face  

p r e s s u r e  were converted t o  sea- leve l  p re s su re ,  which could then  be 

o b j e c t i v e l y  analyzed. 

4.2 Inco rpora t ion  of VAS-Derived Temperature and Moisture Data i n t o  
t h e  Objec t ive  Analysis 

Three d i f f e r e n t  procedures were developed t o  inco rpora t e  

VAS-derived temperature  and moisture  d a t a  using t h i s  o b j e c t i v e  a n a l y s i s  

technique.  

radiosonde data .  In t h e  second procedure,  the  f ine-sca le  g rad ien t  

in format ion  provided by t h e  VAS was r e t a i n e d ,  but the  la rge-sca le  

s t r u c t u r e  was ad jus t ed  so t h a t  t he  f i n a l  ana lyses  were more c o n s i s t e n t  

wi th  t h e  radiosonde data. The t h i r d  method included only temperature  

and moisture  soundings from the VAS. 

The f i r s t  method made no d i s t i n c t i o n  between VAS and 
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4.2.1 Equal Weighting of VAS and Radiosonde Data in the  
0 b j ec t i ve Analysis  

Seve ra l  changes i n  t h e  o b j e c t i v e  a n a l y s i s  procedure were made t o  

inco rpora t e  VAS-derived temperature and moisture  da ta .  The a d d i t i o n  of 

several., smaller scans about the  observa t ions  was necessary t o  ensure  

t h a t  the  inc lus ion  of the VAS d a t a  would y i e l d  more mesoscale d e t a i l  i n  

t h e  temperature and moisture f i e l d s .  As in the  l a r g e r  s cans ,  a 

m u l t i p l i c a t i o n  f a c t o r  of 0.7 was used t o  reduce the  r ad ius  of i n f luence  

between scans.  It was  determined t h a t  seven scans  f o r  both the  

temperature  and misture ana lyses  would be s u f f i c i e n t .  After the  

f o u r t h  scan i n  t h e  temperature a n a l y s i s ,  and a f t e r  t he  f i f t h  scan  i n  

t h e  moisture  a n a l y s i s ,  radiosonde da ta  were only used if VAS soundings 

f e l l  w i th in  the  same scan. Therefore ,  the  f i n a l  o b j e c t i v e  a n a l y s i s  

only produced f i n e  s t r u c t u r e  i n  areas where d a t a  were dense,  without 

u s ing  inappropr ia te ly-smal l  i n f luence  func t ions  i n  regions where only 

radiosonde observa t ions  were a v a i l a b l e .  

4.2.2 Unequal Treatment of VAS and Radiosonde Data i n  the  
Ob jec t ive  Analysis 

When VAS and radiosonde d a t a  were t r e a t e d  equa l ly ,  t he  f i n a l  

ana lyses  of temperature and moisture  were f r e q u e n t l y  i n c o n s i s t e n t  

wi th  radiosonde observa t ions  t o  a degree t h a t  was considered 

unacceptable .  

temperature  and mixing-rat io  values  d i f f e r e d  by as rmch as 4'C and 

3 g/kg from the f i n a l  analyses .  In areas where the  VAS d a t a  were 

a v a i l a b l e ,  the VAS soundings dominated the  a n a l y s i s .  Because the  

radiosonde d a t a  probably con ta in  less b i a s  e r r o r  than t h e  VAS d a t a ,  a 

This  was mst apparent  f o r  low l e v e l s ,  where radiosonde 
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second procedure was developed t h a t  a l lows the  l a rge - sca l e  s t r u c t u r e  of 

t he  f i n a l  ana lyses  t o  be mre c o n s i s t e n t  with radiosonde temperature 

and moisture  values  without e l i m i n a t i n g  smaller-scale f e a t u r e s  

provided by the  VAS.  This procedure had two cyc les .  

cyc le ,  VAS and radiosonde d a t a  were o b j e c t i v e l y  analyzed in e x a c t l y  the  

same manner as descr ibed  i n  Sec t ion  4.2.1. A second cyc le ,  used only 

f o r  temperature  and m l s t u r e ,  cons i s t ed  of f i v e  c o r r e c t i v e  scans 

around radiosonde soundings . To ensure  t h a t  only the  la rge-sca le  

s t r u c t u r e  w a s  changed, the i n i t i a l  r a d i u s  of i n f luence  (which is the 

l a r g e s t )  was used f o r  a11 f i v e  scans.  

In t h e  f i r s t  

4.2.3 Exclusion of Radiosonde Data in t he  Objec t ive  Analysis  

This objec t ive-ana lys i s  procedure is l i k e  the  one descr ibed i n  

Sec t ion  4.2.1 except tha t  a l l  radiosonde d a t a  were excluded. As in t he  

procedure descr ibed  i n  Sect ion 4.2.1, seven c o r r e c t i v e  scans were used 

and t h e  r ad ius  of in f luence  w a s  reduced by a f a c t o r  of 0.7 a f t e r  each 

scan  . 
4.2.4 One-Dimensional Comparisons of Temperature and Moisture 

Analyses 

Seve ra l  one-dimensional comparisons of the  ana lyses  of temperature 

and mixing r a t i o  were made t o  compare the  r e s u l t s  from four  of the 

d i f f e r e n t  ob jec t ive  ana lys l s  procedures.  These ana lyses  were obta ined  

by p lo t  t i n g  temperature and mixing-rat io  values  from a n a l y s i s  pressure  

l e v e l s ,  a long a north-south l i n e  (Fig.  4.2a). This l i n e  w a s  chosen t o  

pass c l o s e  t o  s e v e r a l  radiosonde obse rva t ion  si tes (denoted by 



Figure  4.2 900-mb one-dimensional temperature  and mixing-rat io  
ana lyses .  There are fou r  analyses .  One is based on 
NMC g loba l  data  only,  one uses  only radiosonde d a t a ,  
and two u s e  a combination of radiosonde and VAS d a t a  
as descr ibed  i n  Sec t ions  4.2.1 and 4.2.2. A l l  
ana lyses  are v a l i d  f o r  1200 GMT 20 J u l y  1981. 
a. Both the  l o c a t i o n  of the  s t a t i o n a r y  f r o n t  f o r  

1200 GNT 20 J u l y  1981 and the  north-south l i n e  
used i n  the one-dimensional ana lyses  are 
ind ica ted .  The a s t e r i s k s  denote  radiosonde 
observa t ions  near  t he  l i n e .  

b. Temperature ("C) analyses .  The f r o n t  is loca ted  
nea r  I = 27. 

C. Mixing-ratio (g/kg) ana lyses .  The f r o n t  is 
l oca t ed  near I = 27. 
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a s t e r i s k s )  and t o  c r o s s  t h e  s t a t i o n a r y  f r o n t ,  F igures  4.2b and 4 . 2 ~  

show 900-mb ana lyses  of temperature and mixing r a t i o  f o r  1200 GRT 

20 J u l y  based upon NMC g loba l  d a t a  (Analys is  11, radiosonde d a t a  

(Analys is  2 ) ,  and the two ana lyses  t h a t  used both radiosonde and VAS 

d a t a  (Analys is  3 and Analysis 4). 

The r e s u l t s  of t hese  one-dimensional ana lyses  of temperature and 

mixing r a t i o  are similar. For both v a r i a b l e s ,  t h e  r e l a t i v e  l ack  of 

d e t a i l  in Analys is  1 is r e a d i l y  apparent.  Ana lys i s  2,  which uses  only  

rad iosonde  d a t a ,  agrees mst  c l o s e l y  wl th  observed temperatures and 

mixing r a t i o s  from nearby rad iosondes ,  and c o n t a i n s  the  greatest 

ampl i tude  i n  t h e  large-scale var iance .  Analyses of temperature and 

mixing r a t i o ,  us ing  only  VAS d a t a  (not  shown), have less amplitude i n  

t h e  large-scale va r i ance  than  do a l l  t h e  a n a l y s e s  except Analysis 1. 

In  Analysis 3, s e v e r a l  small-scale f e a t u r e s  are apparent ,  but analyzed 

tempera tures  and mixing r a t i o s  d i f f e r  markedly from radiosonde va lues  

i n  some cases because of a b i a s  t h a t  has been introduced. Analys is  4 

of temperature and mixing r a t i o  is much l i k e  Analysis 3 but is somewhat 

more c o n s i s t e n t  with radiosonde va lues .  The l o c a t i o n  and s t r e n g t h  of 

t h e  temperature grad ien t  a s s o c i a t e d  wi th  the  s t a t i o n a r y  f r o n t  are 

similar f o r  a l l  of t he  temperature analyses except  f o r  Analysis 1. 

4.3 Comparison of Objective and Sub jec t ive  Analyses, Based Upon 
VAS-Derived Temperature and Moisture Data 

Seve ra l  l e v e l s  of temperature and mixing-ratio d a t a ,  p r e c i p i t a b l e  

water, and s e v e r a l  s t a b i l i t y  i n d i c e s ,  a l l  der ived  only  from VAS 

measurements and v a l i d  f o r  1200 GMT 20 J u l y  1981, were p l o t t e d  and 

s u b j e c t i v e l y  analyzed. I n  t h e s e  s u b j e c t i v e  ana lyses ,  l i t t l e  a t t e m p t  

was made t o  smooth the  da t a .  The s u b j e c t i v e  temperature and 
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mixing-rat io  ana lyses  were then compared wi th  o b j e c t i v e  ana lyses  of 

t h e s e  same v a r i a b l e s  f o r  s eve ra l  l eve l s .  These o b j e c t i v e  ana lyses  were 

based upon radiosonde da ta  only, VAS d a t a  only ,  and a combination of 

t h e s e  two d a t a  sources .  A s  expected, t h e  o b j e c t i v e  ana lyses  t h a t  used 

on ly  VAS da ta  were the  most cons i s t en t  wi th  the  s u b j e c t i v e  analyses .  

Comparison of the  o b j e c t i v e  and s u b j e c t i v e  ana lyses  of VAS d a t a ,  i n  t h e  

VAS-data-rich reg ion ,  g ives  some i n d i c a t i o n  of how w e l l  t hese  da t a  are 

being inco rpora t ed  by the ob jec t ive  a n a l y s i s  procedure . 
Sub jec t ive  and ob jec t ive  ana lyses  of VAS-derived temperatures  are 

shown i n  Figs.  4.3a and 4.3b (700 mb) and in Figs.  4.4a and 4.4b 

(500 mb). There is a very good agreement between the  s u b j e c t i v e  and 

o b j e c t i v e  ana lyses  of 700-mb temperature.  The most n o t i c e a b l e  

d i f f e r e n c e  between these  analyses  is t h e  r e l a t i v e  smoothness of the  

i so therms i n  t h e  o b j e c t i v e  ana lys i s .  A t  500 mb, the  s u b j e c t i v e  and 

o b j e c t i v e  ana lyses  are a l s o  q u i t e  c o n s i s t e n t .  There is less d i f f e r e n c e  

between the  two ana lyses  with respec t  t o  the  smoothness of the  

i so therms than t h e r e  is at 700 mb. Two tongues of warm a i r ,  one over  

eastern Missouri  and the other  near  sou theas t e rn  Louis iana are very 

similar i n  t h e  t w o  analyses .  

The s u b j e c t i v e  and ob jec t ive  ana lyses  of VAS-derived mixing r a t i o s  

are shown i n  Figs.  4.5a and 4.5b (700 mb) and i n  Figs. 4.6a and 4.6b 

(500 mb). For both l e v e l s  (700 and 500 mb), t he  s u b j e c t i v e  ana lyses  of 

VAS-derived mixing r a t i o  contain more small-scale d e t a i l  than do the  

o b j e c t i v e  ana lyses  of the same data .  

comparison of the ana lyses  using VAS-derived temperatures .  Comparison 

of the  two 700-mb ana lyses  of mixing r a t i o  I n d i c a t e s  two areas of 

This  is c o n s i s t e n t  with the  
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Figure 4 . 3  Subjective and objective 700-mb temperature analyses 
based on VAS data, for 1200 @IT 20 July 1981. 
The contour interval  I s  l°C. 
a. Subjective analysis  
b. Objective analysis  
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Figure 4.4  Subjective and object ive  500-mb temperature analyses 
based on VAS data, for 1200 GMT 20 July 1981. 
The contour in terva l  is l°C. 
a. Subjective analys is  
b.  Objective analys is  
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Figure 4.5 Subjective and object ive  700-mb mixing rat io  analys is  
based on VAS data, for 1200 GMT 20 July 1981. 
wntour interval is 1 g/kg. 
a. Subjective analys is  
b.  Objec t ive  analys is  

The 
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Figure 4 . 6  Subjective and object ive  500-mb mixing-ratio analyses 
based no VAS data, for 1200 WT 20 July 1981. 
The contour interval  i s  0 . 5  g/kg. 
a. Subjective analys is  
b.  Objective analys is  



s i g n i f i c a n t  disagreement but a l so  many f e a t u r e s  common t o  both 

ana lyses  

e a s t e r n  Iowa are present i n  t h e  o b j e c t i v e  a n a l y s i s  but not i n  the 

s u b j e c t i v e  a n a l y s i s .  The reason f o r  t h i s  discrepancy is t h a t  f o r  both 

p l a c e s  a r e l a t i v e l y  high VAS moisture va lue  was excluded from the  

s u b j e c t i v e  a n a l y s i s  but not t h e  o b j e c t i v e  ana lys i s .  Three moist 

tongues are apparent  i n  both analyses.  These are loca ted  over e a s t e r n  

Missour i ,  no r the rn  Texas and southwestern Arkansas, and over Alabama. 

I n  both ana lyses ,  a dry  tongue of air, s t r e t c h i n g  ac ross  Oklahoma and 

S i g n i f i c a n t  moisture maxima over western Nebraska and 

into southwestern Missouri ,  i s  ev ident .  The s u b j e c t i v e  and o b j e c t i v e  

500-mb ana lyses  of VAS-derived mixing r a t i o s  are a l s o  i n  very c l o s e  

agreement. 

4.4 Comparison of the  Object ive Analyses 

I n  o r d e r  t o  determine what impact the  a d d i t i o n  of VAS d a t a  might 

have on a numerical  f o r e c a s t ,  it was necessary  t o  compare the tempera- 

t u r e  and moisture  ana lyses ,  both wi th  (VAS a n a l y s i s )  and without (NOVAS 

a n a l y s i s )  VAS d a t a ,  i n  terms of how w e l l  t h e  ana lyses  def ined  the  

s y n o p t i c  cond i t ions  which l e d  t o  the  outbreak of convection dur ing  t h e  

f o r e c a s t  period. The d iscuss ion  of t h i s  comparison u t i l i z e s  VAS and 

NOVAS temperature  and mixing-ratio ana lyses  from the lower, middle, and 

u p p e r  t roposphere.  Also included are cross -sec t ions  of p o t e n t i a l  

temperature  and mixing r a t i o ,  taken through the  s t a t i o n a r y  f r o n t  f o r  

1200 GMT 20 Ju ly .  F i n a l l y ,  t he re  i s  a comparison between VAS and NOVAS 

s t a b i l i t y  f o r  a p a r t i c u l a r  layer .  

F igures  4.7a and 4.7b are NOVAS and VAS 900-mb temperature  

ana lyses .  In many re spec t s  the two ana lyses  a r e  a l i k e .  One prominent 
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Figure 4.7 NOVAS and VAS 900-mb temperature analyses for 
1200 GMT 20 July 1981. 
the region where surface pressure is less than 900 mb. 
The contour interval  is 1'C. 
a .  NOVAS analysis 
b .  VAS analysis 
C .  

The s t i p l e d  area represents 

Differences between NOVAS and VAS (NOVAS-VAS) 
analyses. Pos i t ive  differences indicate lower 
VAS temperatures. 
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f e a t u r e ,  common t o  both,  is a tongue of w a r m  a i r  extending from Texas 

through Oklahoma and i n t o  Kansas. The h ighes t  temperatures  are 

s i m i l a r l y  loca t ed  i n  southern  Kansas, a l though t h i s  maximum is about 

l 0 C  lower i n  the VAS ana lys i s .  A b a r o c l i n i c  zone is i nd ica t ed  by both 

ana lyses  i n  the  v i c i n i t y  of t h e  s t a t i o n a r y  f r o n t .  Northern Iowa and 

sou the rn  Ninnesota a r e  cooler  i n  the  VAS a n a l y s i s ,  which l eads  t o  a 

s l i g h t l y  s t r o n g e r  temperature g r a d i e n t  through Iowa. The VAS a n a l y s i s  

provides  a weaker g rad ien t  across  Missouri .  F igure  4 . 7 ~  shows the  

900-mb temperature  d i f f e r e n c e  between t h e  NOVAS and VAS analyses .  

Throughout much of the  domain, tempera tures  are s l i g h t l y  coo le r  i n  the  

VAS a n a l y s i s .  Warming e f f e c t s  from higher  VAS temperatures  are more 

l o c a l i z e d .  

The NOVAS and VAS 500-mb temperature  ana lyses  (Figs .  4.8a and 

4.8b, r e s p e c t i v e l y )  are much a l i k e  i n  t h a t  g r a d i e n t s  are s i m i l a r l y  

o r i e n t e d  and of comparable s t rength .  I n  a d d i t i o n ,  over  most of the 

domain, l o c a l  temperature d i f f e r e n c e s  are less than l 0 C  (Fig.  4 . 8 ~ ) .  

Because co ld-a i r  advec t ion  in  t h e  middle t roposphere is a poss ib l e  

f a c t o r  i n  the  evo lu t ion  of the convect ion over M s s o u r i ,  s t r eaml ines  

have been added t o  Figs. 4.8a and 4.8b t o  f a c i l i t a t e  comparison of 

thermal  advect ion.  Both the NOVAS and VAS analyses  i n d i c a t e  cold-air  

advec t ion  over much of the  c e n t r a l  United S t a t e s ;  however, i n  the VAS 

a n a l y s i s  t h e r e  appears  t o  be weaker co ld-a i r  advec t ion  over Iowa, 

e a s t e r n  Kansas, and Missouri. 

A b a r o c l i n i c  zone, extending from the c e n t r a l  Rockies t o  e a s t e r n  

Canada, is evident  i n  both the  NOVAS and VAS 300-mb temperature  

ana lyses  (Figs .  4.9a and 4.9b, r e s p e c t i v e l y ) .  The g r a d i e n t  i n  the  VAS 
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Figure 4.8 NOVAS and VAS 500-mb temperature analyses for 
1200 QlT 20 July 1981. 
a .  NOVAS analysis .  A streamline analysis  is Included 

to f a c i l i t a t e  comparison of thermal advection 
patterns 

b .  VAS analysis.  A streamline analysis  is included 
to  f a c i l i t a t e  couparison of thermal advection 

The contour interval  is - _. 

pat terns 
Differences between NOVAS and VAS (NOVAS-VAS) r .  - -  - - ~  

analyses.  
VAS temperatures. 

Pos i t ive  d i f  ferences indicate lower 
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Figure 4.9 NOVAS and VAS 300-b temperature analyses for 
1200 (;MT 20 July 1981. The contour interval is 1 ° C .  
a. NOVAS analysis. 
b. VAS analysis. 
C. Differences between NOVAS and VAS (NOVAS-VAS) 

analyses. Positive differences indicate lower 
VAS temperatures 
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a n a l y s i s  is weaker throughout much of t h i s  zone. A thermal wave 

p a t t e r n  is evident  i n  the  VAS a n a l y s i s  over  Nebraska and South Dakota 

but  is missing i n  the  NOVAS analys is .  A wave over Kansas, southern  

Nebraska, and Iowa, is m c h  more pronounced i n  the  NOVAS a n a l y s i s  than 

i n  the  VAS ana lys i s .  This  pa t t e rn  may be a t t r i b u t e d  t o  the  radiosonde 

obse rva t ion  from Omaha, Nebraska. The nearby VAS-derived temperatures  

d i f f e r  from t h i s  radiosonde temperature by nea r ly  3*C and they cause 

smoothing of t h e  a n a l y s i s  In t h i s  v i c i n i t y .  

over  t h e  c e n t r a l  p o r t i o n  of the domain, from Oklahoma t o  Michigan, t h e  

VAS a n a l y s i s  is c o o l e r ,  e s p e c i a l l y  i n  no r the rn  and sou theas t e rn  

Missouri .  Seve ra l  i s o l a t e d  a reas  of VAS warming are also apparent  i n  

South Dakota, western Kansas, Texas, Arkansas, and southern  

F igure  4 . 9 ~  i n d i c a t e s  t h a t  

Miss i s s ipp i .  

Shown i n  Figs.  4.10a and 4.10b are the NOVAS and VAS mixing-rat io  

ana lyses  f o r  t he  850-mb leve l .  Although t h e  o v e r a l l  moisture  pattern 

is very similar i n  both ana lyses ,  s i g n i f i c a n t  l o c a l  d i f f e r e n c e s  i n  

mixing r a t i o  are apparent  i n  Fig. 4 . 1 0 ~ .  The a d d i t i o n  of VAS moisture  

d a t a  y i e l d s  h igher  moisture  values  from Kansas t o  sou theas t e rn  Montana. 

In  the  eastern p a r t  of t he  VAS-data reg ion ,  from the  Gulf of Mexico 

northward t o  Wisconsin, t he  VAS a n a l y s i s  leads  t o  lower humidi t ies .  

The a d d i t i o n  of VAS d a t a  a l so  produces a lower humidity over the  Texas 

panhandle and Oklahoma. 

a n a l y s i s  is favorable  f o r  t h e  outbreak of convection i n  Missouri .  

t h e  o t h e r  hand, the  d r i e r  a i r  over Oklahoma is not conducive t o  

thunderstorm development i n  t h i s  area. 

The a d d i t i o n a l  moisture  over Kansas i n  the  VAS 

On 

The VAS and NOVAS mixing-ratio ana lyses  a t  500 mb (Figs .  4.11a 

and 4.11b r e s p e c t i v e l y )  a re  much a l i k e ,  however the a d d i t i o n  of VAS 
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Figure  4.10 NOVAS and VAS 850-mb mixing-ratio ana lyses  f o r  
1200 GMT 20 J u l y  1981. 
t h e  region where s u r f a c e  p re s su re  is less than 

The s t i p l e d  area rep resen t s  

850 mb. 
a. NOVAS ana lys i s .  The contour  i n t e r v a l  is 2 g/kg. 
b. VAS ana lys i s .  The contour  i n t e r v a l  is 2 g/kg. 
C. 

P o s i t i v e  d i f f e r e n c e s  i n d i c a t e  a d r i e r  
The contour  i n t e r v a l  is 1 g/kg. 

Di f fe rences  between NOVAS and VAS (NOVAS-VAS) 
analyses .  
VAS ana lys i s .  
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Figure 4.11 NOVAS and VAS 500-mb mlxing-ratio analyses for 

a. NOVAS analys is .  The contour interval  i s  

b. VAS analys is .  The contour interval  is 

C .  

1200 QlT 20 July 1981. 

0.5 g/kg. 

0.5 g/kg. 
Differences between NOVAS and VAS (NOVAS-VAS) 
analyses. 
VAS analys is .  

Pos i t ive  dif  ferences indicate a drier 
The contour interval  i s  1 g/kg. 
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d a t a  does cause a f e w  notable d i f f e r e n c e s .  A moisture maximum i n  

southern  I l l i n o i s  is much more prominent in the  VAS ana lys i s .  A 

channel of mist  a i r ,  extending from western Texas to  Tennessee, is 

b e t t e r  def ined i n  the  VAS ana lys i s .  The VAS a n a l y s i s  a l s o  provides  

more d e t a i l  along the  G u l f  coas t .  

mixing-rat io  d i f f e rences  between the  t w o  ana lyses  a re  g e n e r a l l y  small 

Figure 4 . 1 1 ~  i n d i c a t e s  t h a t  t he  

and i s o l a t e d  . 
-1Che300-mb mixing-ratio values  a r e  r a t h e r  low i n  both the NOVAS 

and VAS analyses  (Figs.  4.12a and 4.12b) except f o r  s e v e r a l  moist 

areas .  Seve ra l  moisture bul ls-eyes are apparent  i n  these  ana lyses  and 

a l s o  i n  mixing-ratio analyses  f o r  o t h e r  l e v e l s .  The bul ls-eyes occur 

near  radiosonde soundings having r e l a t i v e l y  high mixing-ratio values .  

Although the  accuracy of t hese  radiosonde mixing-ratio values  is 

s u s p e c t ,  no mixing-ratio obse rva t ions  are omitted from the  f i n a l  

a n a l y s i s .  A moist tongue, which runs from southwestern Texas t o  

western M s s o u r i ,  is narrower i n  the  VAS ana lys i s .  I n  Chapter 3, an 

upper- level  channel of very dry a i r ,  shown i n  Fig. 3.5.a, was d iscussed  

i n  terms of being possibly a s soc ia t ed  wl th  the  outbreak of convect ion 

over  U s s o u r i .  The VAS a n a l y s i s  d e f i n e s  t h i s  f e a t u r e  over Iowa and 

southwestern Wisconsin b e t t e r  than does the  NOVAS ana lys i s .  

Figure 4 . 1 2 ~  i n d i c a t e s  t h a t  the  VAS a n a l y s i s  has s i g n i f i c a n t l y  lower 

mixing-rat io  values i n  southwestern Wisconsin. 

Severa l  cross-sect ions of p o t e n t i a l  temperature and mixing r a t i o ,  

nea r ly  perpendicular  t o  t he  s t a t i o n a r y  f r o n t ,  were produced from both 

the  NOVAS and VAS analyses .  Cross-sect ions from the  NOVAS and VAS 

analyses  a r e  shown i n  Figs.  4.13b and 4 . 1 3 c ,  and the  l o c a t i o n  of these  
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Figure 4.12 NOVAS and VAS 300-mb mixing-ratio analyses for  
1200 GMT 20 July 1981. 
a. NOVAS analys is .  The contour interval  is 

0 .1  g/kg. 
b .  VAS analysis.  The contour interval  is 

0.1  g/kg. 
C .  Differences between NOVAS and VAS (NOVAS-VAS) 

analyses. Pos i t ive  d i f ferences  indicate a dr ier  
VAS anaysis. The contour interval  is 1 g/kg. 
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Figure 4.13 NOVAS and VAS cross-sections of potential  tempera- 
ture and mixing ra t io ,  taken through the 
stationary front for 1200 GMT 20 July 1981. The 
contour interval  for potential  temperature is  2'K. 
The contour interval  for mixing ra t io  is 2 g/kg. 
a.  Locations of the stationary front and the 

cross-section 
b. NOVAS cross-section 
C .  VAS cross-section 
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c ross - sec t ions  i s  ind ica t ed  in Fig. 4.13a. I n  t hese  c ros s - sec t ions ,  

below 900 mb, the temperature g r a d i e n t  a c r o s s  the  f r o n t  is weaker when 

VAS t empera tures  were included. Above t h e  900-mb l e v e l ,  t h e  NOVAS and 

VAS temperature g r a d i e n t s  a r e  of comparable s t r e n g t h .  In both 

c ros s - sec t ions ,  some drying is apparent above t h e  s u r f a c e  f r o n t ,  

however t h i s  f e a t u r e  is more pronounced i n  t h e  NOVAS ana lys i s .  Above 

850 mb, i t  is ev iden t  t ha t  the VAS a n a l y s i s  of mixing r a t i o  con ta ins  

more d e t a i l  than  does the NOVAS a n a l y s i s  i n  t h e  v i c i n i t y  of t h i s  c ross -  

s e c t i o n .  The r e s u l t s  of t h i s  p a r t i c u l a r  c ros s - sec t ion  comparison are 

g e n e r a l l y  c h a r a c t e r i s t i c  of what is seen when o t h e r  c ross -sec t ions  

taken  a c r o s s  the  s t a t i o n a r y  f r o n t  are compared. 

A s  a measure of s t a b i l i t y ,  the change of p o t e n t i a l  temperature per  

50-b l a y e r  w a s  c a l c u l a t e d  f o r  both t h e  NOVAS anad VAS ana lyses  from 

t h e  s u r f a c e  t o  the model top. The l a y e r  s t a b i l i t y  between 750 and 

700 mb was chosen f o r  comparison because the  s t a b i l i t y  a t  t h i s  l e v e l  is 

an important f a c t o r  i n  t h e  p o s s i b l e  development of convection. 

t h i s  l a y e r ,  t h e  s t a b i l i t y  va lues  from both ana lyses ,  f a l l  between 1°K 

and 4'K per  50-mb layer .  

ana lyses ,  a s t a b t l i t y  d i f f e r e n c e  f i e l d  (Fig. 4.14) was c a l c u l a t e d  f o r  

t h e  750-to 700-mb l aye r .  Negative va lues  i n d i c a t e  t h a t  the VAS 

a n a l y s i s  is more s t a b l e .  The VAS temperature d a t a  i n c r e a s e  s t a b i l i t y  

over m c h  of the  a n l a y s i s  domain. This  is e s p e c i a l l y  t r u e  f o r  north- 

western South Dakota, e a s t e r n  Colorado and western Kansas, e a s t e r n  

Arkansas, sou theas t e rn  Louis iana  and sou the rn  M i s s i s s i p p i ,  and a long  

t h e  Alabama-Georgia border. This measure of s t a t i c  s t a b i l i t y  i n d i c a t e s  

For 

To compare t h e  s t a b i l i t y  of the  NOVAS and VAS 
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Figure 4.14 Differences i n  the s t a t i c  s t a b i l i t y  ( O W 5 0  mb) of 
the 750- t o  700-mb layer between the NOVAS and VAS 
(NOVAS-VAS) analyses.  Pos i t ive  differences indicate 
a more unstable atmosphere due to VAS-derived 
temperatures. The contour interval  is 0.25'K/50 mb. 
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t h a t  t he  VAS-defined model atmosphere is poss ib ly  less conducive t o  the  

suppor t  of convect ive a c t i v i t y  i n  Missouri .  It is necessary  t o  poin t  

ou t  however, t h a t  t h i s  s t a b i l i t y  measure uses a r e l a t i v e l y  t h i n  layer 

and does not account f o r  moisture .  Comparisons of s t a t i c  s t a b i l i t y  f o r  

o t h e r  l e v e l s  show t h a t  the s t a b i l i t y  of NOVAS and VAS analyses  is 

similar for l a y e r s  above 700 mb but t h a t  VAS ana lyses  are g e n e r a l l y  

more s t a b l e  f o r  l a y e r s  below 750,mb. 

I n  t h i s  s e c t i o n ,  VAS and NOVAS ana lyses  were examined by comparing 

temperature  and mixing-rat io  ana lyses  on th ree  p re s su re  s u r f a c e s  and 

a long  a v e r t i c a l  c ross -sec t ion  through the  s t a t i o n a r y  f r o n t .  A measure 

of s ta t ic  s t a b i l i t y  was a l s o  c a l c u l a t e d  from the  VAS and NOVAS 

analyses .  The d i f f e r e n c e s  between the  two analyses  are most ly  on the  

small-scale. In  the  v i c i n i t y  of the  s t a t i o n a r y  f r o n t ,  t he  VAS a n a l y s i s  

has  a s t r o n g e r  900-mb temperature  g r a d i e n t  through Iowa, but the  VAS 

d a t a  weaken the grad ien t  over  Missouri .  Cold-air  advec t ion  a t  500 mb, 

be l ieved  t o  be a f a c t o r  i n  the  development of convect ion over ?IIssouri ,  

is  greater i n  t h e  NOVAS ana lys i s .  The VAS a n a l y s i s  of 850-b mixing 

r a t i o  is s l i g h t l y  more f avorab le  f o r  convect ion i n  Missouri  but less so 

f o r  thunderstorm development i n  Oklahoma. The narrow channel  of dry  

a i r  in the  upper l e v e l s  (300 mb) over Iowa and southwestern Wisconsin, 

is  better def ined  i n  the  VAS a n a l y s i s .  Below 700 mb, atmospheric  

s t a b i l i t y ,  as measured by the  change i n  p o t e n t i a l  temperature  with 

h e i g h t ,  is g e n e r a l l y  g r e a t e r  over much of the  Midwest i n  the  VAS 

a n a l y s i s .  A l l  of these d i f f e r e n c e s  between ana lyses  are small. For 

t h i s  reason,  it is impossible t o  determine whether e i t h e r  a n a l y s i s  is 

more conducive t o  t h e  ou tbreak  of convection. 



5 . 0 EXPERIMENTAL DESIGN 

I 

Various combinations of conventional radiosonde data, VAS data, 

and NMC global analyses from 1200 GMT 20 July were used for the model 

initialization of seven experiments. Table 5.1 summarizes these 

experiments in terms of the sources of initial data and whether a 

dynamic or static Initialization was employed. 

5.1 Static-Initialization Experiments 

Table 5.1 indicates that for experiments El through E5 the model 

was statically initialized and for experiments E6 and E7 it was 

dynamically initialized. The forecast period for all experiments that 

used a static initialization was from 1200 GMT 20 July to 0000 GMT 

21 July. 

Experiment 1 (El) may be considered the control experiment. A 

smooth global analysis, obtained from NMC, was modified by radiosonde 

temperature, wind, and moisture data. In Experiment 2 (EZ), both 

radiosonde and VAS-derived temperature and moisture data were used to 

enhance the same smooth global analysis. No distinction was made 

between VAS and radiosonde soundings in this procedure. Both 

radiosonde and VAS-derived temperature and moisture data were used in 

E3, but in a different manner than in E2. 

ratio analyses in E2 were often inconsistent with the radiosonde 

values. Because the radiosonde soundings are probably less likely to 

contain bias errors than the VAS soundings, a procedure was developed 

that corrected the final temperature and moisture analyses from E2 so 

The temperature and mixing- 



Table 5.1 Description of the AnalysislInitialLzation Procedure 

Plixing 
Temperature Winds Rat io 

 EX^. NO. Data First Data First Data First h i  t iali- 
Guess Guess Guess za t Lon 

El R GA R GA R GA S 

E2 R+V GA R GA R+V GA S 

E3 R R+V R GA R R+V S 

E4 - GA - GA - GA S 

E5 V GA - GA V GA S 

E6 R GA R GA R GA D 

E 7  R R+V R CA R R+V D 

R - radaiosonde S - static initialization 
v - VAS D - dynamic initialization 
GA - NMC Global Analysis 
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t h a t  l o c a l  g r a d i e n t s  def ined  by the VAS d a t a  were re t a ined ,  but the  

la rge-sca le  s t r u c t u r e  was adjus ted  so t h a t  the  f i n a l  ana lyses  were more 

c o n s i s t e n t  with the  radiosonde data. This  was accomplished by using an 

a d d i t i o n a l  a n a l y s i s  cyc le ,  tha t  employed only  radfosonde d a t a ,  t o  

c o r r e c t  temperature  and moisture ana lyses  from E2. 

la rge-sca le  c h a r a c t e r i s t i c s  of t he  f i e l d  t o  be c o n s i s t e n t  with the  

radiosonde da ta ,  but  r e t a ined  the  f i n e r  s t r u c t u r e s  i n  the  E2 ana lyses  

t h a t  r e s u l t e d  from the  V A S  data.  Chapter  4 desc r ibes  the  o b j e c t i v e  

a n a l y s i s  procedures used for El, E2, and E3 i n  f u l l  d e t a i l .  

Experiments El, E2, and E3 used an i d e n t i c a l  I n i t i a l  windf ie ld .  

This  ad jus t ed  the  

Experiments E4 and E5 were used to  eva lua te  the impact of VAS 

d a t a ,  when no radiosonde da ta  are a v a i l a b l e .  

g l o b a l  a n a l y s i s  was used for  t he  i n i t i a l  condi t ions .  

ana lyses  are u l t i m a t e l y  based on radiosonde d a t a ,  they are very smooth 

and have information with the same q u a l i t y  and scale C h a r a c t e r i s t i c s  as 

could be expected from an accura t e  f o r e c a s t  from a g loba l  model. In  

€ 5 ,  VAS-derived temperature and mois ture  soundings were used t o  improve 

t h e  smooth g l o b a l  a n a l y s i s .  

were i d e n t i c a l .  

p rovides  i n s i g h t  i n t o  t h e  value of VAS d a t a  i n  regions where radiosonde 

d a t a  are unavai lab le .  

I n  E4, only the smooth 

Even though these  

I n i t i a l  winds f o r  experiments E4 and ES 

A comparison of t he  f o r e c a s t  s k i l l  of E4 and ES 

5.2 Dynamic- In i t ia l iza t ion  Experiments 

I n  experiments E2 and E3, VAS-derived temperature soundings were 

used t o  o b t a i n  an i n i t i a l  temperature  f i e l d ,  but i n i t i a l  winds were 

obta ined  from a synopt ic -sca le  radiosonde network. For onesoscale 
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motions however, the  temperature f i e l d  a d j u s t s  t o  the  wind f i e l d  dur ing  

t h e  geostrophic-adjustment process. 

s i g n i f i c a n t  amount of t he  h o r i z o n t a l  temperature  s t r u c t u r e  provided by 

Therefore  i t  is l i k e l y  t h a t  a 

t h e  VAS soundings w i l l  be l o s t  dur ing  the e a r l y  f o r e c a s t  per iod i n  

experlments  E2 and E3. The d y n a m i c - i n i t i a l i z a t i o n  procedure i s  an 

a t tempt  t o  circumvent t h i s  problem by al lowing model winds to  a d j u s t  t o  

t h e  VAS temperatures  before  t h e  start of the a c t u a l  f o r e c a s t .  I n  a 

dynamic i n i t i a l i z a t i o n ,  imbalances between the  i n i t i a l  f i e l d s  of mass 

and momentum are reduced by t h e  amdells p r e d i c t i v e  equat ions  during a 

p r e f o r e c a s t  i n t e g r a t i o n .  

Hoke (Hoke, 1976; Hoke and Anthes, 1976; Hoke, 1983) desc r ibes  a 

dynamic - in i t i a l i za t ion  procedure t h a t  uses  a Newtonian nudging 

approach. An a d d i t i o n a l  term is added t o  e i t h e r  a l l  o r  some of the  

model prognos t ic  egua' t ions dur ing  a p r e f o r e c a s t  per iod t o  fo rce  the  

model atmosphere toward e i t h e r  Ind iv idua l  obse rva t ions  o r  a t a r g e t  

a n a l y s i s  t h a t  I s  based on t h e  observa t ions .  

pe r iod ,  the  gene ra l  form of t h e  p r e d i c t i v e  equat ion  f o r  the v a r i a b l e  a 

During the  p re fo recas t  

i s  

The f i r s t  term on the  r igh t  hand s i d e ,  F(a,X,t),  - inc ludes  a l l  of t he  

model's phys ica l  processes.  

v a r i a b l e ,  X is t he  pos i t i on  vec to r ,  and t is t i m e .  I n  t he  las t  term, 

G ( a , t )  is the  nudging c o e f f i c i e n t  which determines the  r e l a t i v e  weight 

of the  nudging term w i t h  r e spec t  t o  the  phys ica l  processes .  

I n  t h i s  term, a r e p r e s e n t s  any p r e d i c t i v e  

- 
The 
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nudging c o e f f i c i e n t  is a nonnegative term t h a t  depends on observa t ion  

accuracy,  the  d i s t a n c e  between the  observa t ion  and the  g r i d  poin t ,  and 

t h e  t y p i c a l  magnitudes of the o t h e r  terms i n  the  p r e d i c t i v e  equat ion.  

Hoke (1976) found t h a t  a good i n i t i a l i z a t i o n  occurred when the  time 

scales f o r  both the  s lowes t  major phys i ca l  adjustment  process  i n  

t h e  model and the  nudging term were s i m i l a r .  

are s-l ( s t r o n g  nudging) and loW4 s-1 (moderate nudging). The 

g r i d  po in t  value of a, based on obse rva t ions ,  is denoted by %bs. 

experiments  E6 and E7, the value of %bs w a s  def ined  based on a l i n e a r  

i n t e r p o l a t i o n  i n  t i m e  between analyzed va lues  of a a t  the  beginning and 

a t  the  end of the p re fo recas t  period. Equation 5.1 shows t h a t  

t h e  magnitude of the  nudging term depends on the  d i f f e r e n c e  between the  

f o r e c a s t e d  value of a and the observed value,  Qobs. 

Typica l  va lues  of G ( a , t )  

I n  

For both experiments E6 and E7, a s t a t i c  i n i t i a l i z a t i o n  (based on 

radiosonde data) was performed a t  0000 Q4T 20 Ju ly .  

p r e f o r e c a s t  per iod ,  which l a s t e d  from 0000 @iT to  1200 ClMT, model 

p r e d i c t i v e  v a r i a b l e s  were nudged toward values  of the  t a r g e t  a n a l y s i s  

v a l i d  a t  1200 GMT 20 Ju ly .  

were based upon radiosonde d a t a  as used i n  E l  and a combination of 

radiosonde and VAS d a t a  as used in E3, r e spec t ive ly .  The a c t u a l  

f o r e c a s t  per iod ,  1200 GMT 20 J u l y  t o  0000 C;MT 21 J u l y ,  was the same as 

t h a t  used i n  the  s ta t ic  i n i t i a l i z a t i o n  experiments . 

During the  

The 1200 G!T t a r g e t  ana lyses  €or  E6 and E7 

A l l  of the  p red ic t ive  v a r i a b l e s  were nudged dur ing  the  p re fo recas t  

per iod.  

The temperature  and mixing-ratio f i e l d s  were nudged s t r o n g l y  using 

G = 10-3 9’1. Because McPherson (1975) r e p o r t s  t h a t  i t  is important to  

The nudging c o e f f i c i e n t ,  G ( a ,  t ) ,  remained cons tan t  wlth t i m e .  
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u s e  s u r f a c e  p re s su re  observat ions when a s s i m i l a t i n g  observed 

temperature  d a t a  i n t o  a numerical model, p* was moderately nudged using 

G = 

scales less than 2000 km in  t he  middle l a t i t u d e s ,  nudging toward the  

mass f i e l d  a lone is not very usefu l .  Therefore ,  the winds were a l s o  

moderately nudged (C - It w a s  hoped t h a t  t h i s  would prevent 

unnecessary e r r o r  growth i n  the  la rge-sca le  f e a t u r e s  of t he  wind f i e l d .  

s'l. Hoke and Anthes (1976) r epor t  t h a t ,  f o r  h o r i z o n t a l  

s-l). 

The e f f e c t s  of the  dynamic i n i t i a l i z a t i o n  and the  use of VAS 

d a t a  i n  the  dynamic i n i t i a l i z a t i o n  can be separa ted  by comparison of 

experinrents E l ,  E6, and E7. The only d i f f e r e n c e  between experiments E l  

and E6, which both employ only radiosonde observa t ions ,  is t he  dynamic- 

i n i t i a l i z a t i o n  procedure used i n  E6. Therefore  comparison of these  

experiments  Ind ica t e s  the ef f e e t  of t he  dynamic i n i t i a l i z a t i o n .  

Experiments E6 and E7 d i f f e r  I n  t h a t  VAS d a t a  are included i n  E7 but 

not i n  E6. The impact of the VM d a t a  i n  a dynamic i n i t i a l i z a t i o n  can 

be evalua ted  by comparing the  r e s u l t s  of E6 and E7. 



6.0 THE NUMERICAL MODEL 

The model used in this study is a modified version of the 

three-dimensional, mesoscale model developed at The Pennsylvania State 

University by Anthes and Warner (1978). The model contains a 

high-resolution planetary boundary-layer (HRPBL) parameterization 

(Blackadar, 1976, 1978, 1979; Zhang and Anthes, 1982). Following a 

brief discussion of the model and its HRPBL parameterization, is a 

general description of the model initialization proceure used for this 

study 

6.1 Model Description 

The Penn State/NCAR mesoscale model is a limited-area, 

hydrostatic, primitive-equation model that uses a staggered horizontal 

grid and a staggered vertical grid. The vertical, terrain-following 

coordinate is defined by a = (p - pt>/p* where p* = psfc - pt, p is 
pressure, pt is the constant pressure at the top of the model, and psfc 

is the surface pressure. The important features and parameters of the 

model are summarized in Table 6.1. 

A horizontal grid was chosen so that available VAS data would 

cover a large, central portion of the model domain. This grid contains 

4 3  x 43 points, spaced 60 km apart, and is centered at 39'N latitude 

and 95"W longitude. 

defined by fourteen computational levels, which are concentrated 

in the lower troposphere t o  better resolve boundary-layer structure. 

The vertical structure (Table 6.2) of the model is 



Table 6.1 Summary of Nodel Fea tures  and Parameters 

Mode 1 : Hydros t a t i c ,  three-dimensional,  p r e d i c t i v e  
(Anthes and Warner, 1978) 

PBL : 

Moisture  cyc le  : 

P r e d i c t e d  va r i ab le s :  

Coordinate  system: 

Map p ro jec t ion :  

Numerics : 

L a t e r a l  boundaries:  

Grid s t r u c t u r e :  
Hor izonta l :  

Vertical: 

Grid dimensions : 

Grid length:  

Model top (pt) :  

.Model base : 

I n t e g r a t i o n  per iod:  
Forecas t  : 
Pre fo recas t :  

Time s t e p :  

High r e s o l u t i o n ,  one-dimensional, mult i -  
l aye r ;  s u r f a c e  hea t ing  determined by sur f  ace 
energy budget using h o r i z o n t a l  v a r i a b i l i t y  
of  the s u r f a c e  parameters 

S tab le  and convect ive modes of p r e c i p i t a t i o n  

Lambert Conformal, t r u e  a t  30°N and 60'N 

Fourth-order d i f f u s i o n ;  second-order 
advect ion;  centered-In-time, centered-in- 
space f i n i t e  d i f f e renc ing ;  Brown-Campana 
(1978) pressure-f o rce  averaging 

p*, p*q, p*T, T s p e c i f i e d  
P*U, P*V e x t r a p o l a t e d  
u, v ex t r apo la t ed  on outf low,  

s p e c i f i e d  on inf low 

Staggered ( l a t t i c e  B as descr ibed  by 
Messinger and Arakawa (1976)):  
def ined  a t  dot  po in t s  wi th  a l l  o t h e r  
v a r i a b l e s  at c ross  po in t s  
Staggered;  du /d t  def ined a t  sigma l e v e l s  with 
a l l  o t h e r  v a r i a b l e s  def ined a t  half-sigma 
leve 1s 

u and v 

43 x 43 x 14, cen tered  a t  30'N and 95'W 

60 km 

100 mb 

Half -degree g loba l  t e r r a i n  d a t a ,  archived a t  
the Nat iona l  Center f o r  Atmospheric Research 
( NCAR ) 

1200 C;MT 20 J u l y  t o  0000 QlT 21  J u l y  1981 
0000 GMT 20 J u l y  t o  1200 GMT 20 J u l y  1981 

120 s 
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Table  6.2 Vett fca l  structure of the model. Pressure l eve l s  ( p )  based 
on P y f c  = 1000 mb, weighting function for convective 
heattng ( N ) ,  and ver t i ca l  eddy f lux  of water vapor (W) are 
tabulated against sigma at the computation l e v e l s .  

sigma dab) N W( ubs”) 

0.050 145 .O 0.375 0 e 000 

0 . 150 235.0 1. 050 9 -000 

0.250 325 .O 1.575 7 .OOO 

0 350 415 -0 1.875 3.500 

0.450 505 .O 1.725 -0 . 500 
0 55o 595 .O 1.525 -3 . 500 
0.650 685 .O 1 . 200 -7 . 500 
0.750 775.0 0.675 -8 . 000 

0.830 847 .O 0 e 000 0 .ooo 

0.885 896.5 0 .ooo 0 e 000 

0.925 932.5 0.000 0 e 000 

0.955 959 e 5 0 e 000 0.000 * 

0 9H4 985 . 6 0.000 0 e 000 

0.999 999 -1 0.000 0 eo00 
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The equat ions  of motion i n  f l u x  form, c o n t i n u i t y  equat ions  f o r  

mass and water vapor,  and t h e  thermodynamic equat ion are descr ibed  i n  

Anthes and Warner (1978). The e f f e c t s  of r a d i a t i o n  and evapora t ion  are 

inc luded  in the  su r face  energy budget,  but not i n  the  thermodynamic 

equa t ion  for t he  f r e e  atmosphere. 

subgr id-sca le  p r e c i p i t a t i o n  is descr ibed  by Anthes and Warner (1978) 

and Anthes (1977). The amount of subgrid-scale  p r e c i p i t a t i o n  and i t s  

a s s o c i a t e d  l a t e n t  heat release is propor t iona l  t o  the  v e r t i c a l l y  

i n t e g r a t e d  moisture  convergence, once a threshold  i n  t h i s  q u a n t i t y  has 

been reached. The c a l c u l a t i o n  of t he  v e r t i c a l  d i s t r i b u t i o n  of 

convect ive  hea t ing  and moistening is descr ibed  by Anthes and Keyser 

(1979). Table  6.2 inc ludes  t h e  parameters t h a t  determine the  v e r t i c a l  

d i s t r i b u t i o n  of convect ive h e a t i n g  and moistening. This vertical 

d i s t r i b u t i o n  is held cons tan t  in space and t i m e .  Noise from the  

a l i a s i n g  process  (def lned by H a l t i n e r  and Williams, 1980) is suppressed 

by fourth-order  d i f f u s i o n  on the  domain i n t e r i o r  and by second-order 

The parameter iza t ion  scheme f o r  

d i f f u s i o n  near  t he  l a t e r a l  boundaries.  

The upper constant-pressure boundary of the model was  chosen t o  be 

100 mb. The t e r r a i n  e l e v a t i o n  a t  the  lower boundary (Fig. 6.1) was 

i n t e r p o l a t e d  from half-degree g l o b a l  t e r r a i n  d a t a  a rch ived  a t  NCAR. On 

t h e  l a t e ra l  boundaries,  p*, p*q, p-, and T were s p e c i f i e d  by a l i n e a r  

i n t e r p o l a t i o n  in t i m e  between 12-h observa t ions .  The h o r i z o n t a l  

momentum f luxes ,  p*u and p*v, were ex t r apo la t ed  outward from the  

f o r e c a s t  values  a t  i n t e r i o r  g r i d  poi tns .  During outf low cond i t ions ,  

boundary values f o r  u and v were def ined  using a zero-order 
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i igure  6 . 1  Mode1 terrain f o r  numerical sinulations. 
contour interval is 200 meters. 

The 
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e x t r a p o l a t i o n  outward from i n t e r i o r  po in ts .  

were s p e c i f i e d  f o r  inf low condi t ions.  

Boundary values  of u and v 

6.2 High-Resolution P lane tary  Boundary-Layer Parameter iza t ion  

The HRPBL con ta ins  b o t h  s t a b l e  and uns t ab le  modes. Under s t a b l e  

c o n d i t i o n s ,  K theory  is used t o  c a l c u l a t e  t u rbu len t  f luxes .  During 

u n s t a b l e  cond i t ions ,  h e a t ,  momentum, and moisture  are exchanged 

d i r e c t l y  between the  su r face  l a y e r  and each l a y e r  of the  mixed layer .  

The r fo re ,  vertical t r anspor t  is determined by the thermal s t r u c t u r e  of 

t h e  e n t i r e  mixed l a y e r ,  al lowing f o r  a c c u r a t e  s imula t ion  of the  

counter -gradien t  f l u x e s  observed in t h i s  regime. 

The ground temperature  and i t s  temporal change l a r g e l y  determine 

t h e  behavior  of t h e  HRPBL. Ground temperature  is p red ic t ed  by a 

s u r f a c e  energy budget (Blackadar,  1978) which inc ludes  the e f f e c t s  of 

t h e  net  longwave and shortwave i r r a d i a n c e  at  the  s u r f a c e ,  the  heat  flux 

by m l e c u l a r  conduction into t he  s o i l  s u b s t r a t e ,  and the s e n s i b l e  and 

l a t e n t  h e a t  f l u x e s  i n t o  the atmosphere. These processes  depend on t h e  

fo l lowing  s u r f a c e  parameters: thermal i n e r t i a ,  e m i s s i v i t y ,  albedo, 

mois ture  a v a i l a b i l i t y ,  and roughness length.  Values of these  s u r f a c e  

parameters were allowed t o  vary h o r i z o n t a l l y  over t he  model domain. 

s u r f a c e  index map (Fig. 6.2) was used t o  a s s ign  s u r f a c e  index va lues  t o  

each  g r i d  point .  

Benjamin (1983). 

s u r f  ace index. 

A 

The formulat ion of t h i s  s u r f a c e  index map fol lows 

Table 6.3 s p e c i f i e s  s u r f a c e  parameter values  f o r  each  



77 

Figure 6.2 Surface index d is tr ibut ion for  numerical simula- 
tions. 
charac ter i s t i c s  from the surface index assigned to  
each g r i d  point. 

Table 6 . 3  was used to  spec i fy  surface 
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6.3 I n i t i a l i z a t i o n  

A l l  experiments were i n i t i a l i z e d  by f i r s t  i n t e r p o l a t i n g  from the 

NMC northern-hemisphere oc tagonal  g r i d  t o  the  g r i d  poin ts  of the model 

domain. NMC f i e l d s  Include h o r i z o n t a l  winds and temperatures a t  a l l  

mandatory l e v e l s ,  r e l a t i v e  humidity at t h r e e  l e v e l s ,  sea l e v e l  

p re s su re ,  and s u r f a c e  temperature.  These f i e l d s  were then i n t e r p o l a t e d  

t o  supplementary ana lys i s  l e v e l s  a t  600, 780, 900, 940, and 980 mb. 

Data at mandatory and supplementary l e v e l s  were enhanced with s t anda rd  

radiosonde and VAS observa t ions .  A success ive-cor rec t ion  technique was 

used for t he  objective ana lys i s .  Details of the s p e c i f i c  i n i t i a l i z a -  

t i o n  procedures  used i n  t h i s  s tudy  are d iscussed  i n  Chapter 4. A f t e r  

de te rmining  the su r face  p re s su re  h y d r o s t a t i c a l l y  from sea- leve l  

p re s su re  and t e r r a i n  he igh t ,  a l l  three-dimensional f i e l d s  were 

i n t e r p o l a t e d  t o  mdel sigma su r faces .  No balancing was performed on 

t h e  i n i t i a l  mass and mmentum f i e l d s .  However, the v e r t i c a l l y  averaged 

mass divergence i n  a column was removed from the  wind f i e l d  t o  minimize 

n o i s e  e a r l y  i n  the  fo recas t .  This procedure r e s u l t s  in an i n i t i a l  

p re s su re  tendency of zero while  a l lowing  non-zero v e r t i c a l  motions . 
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7.0 RESULTS 

A number of measures were used t o  determine t h e  f o r e c a s t  s k i l l  

a s s o c i a t e d  with each of the seven experiments  t h a t  were summarized i n  

Table 5.1. An o b j e c t i v e  a n a l y s i s ,  based upon both VAS and radiosonde 

obse rva t ions ,  was produced f o r  0000 GMT 21 J u l y  and used f o r  

v e r i f i c a t i o n  purposes. Sl s c o r e s  and average-error  s ta t is t ics  were 

computed us ing  the  gr ided f o r e c a s t  and v e r i f i c a t i o n  data.  Regional 

d i f f e r e n c e s  and similarities between t h e  f o r e c a s t s  and v e r i f i c a t i o n  

f i e l d s  were a l s o  examined. Model-produced r a i n f a l l  was compared wi th  

observed r a i n f a l l  f o r  the same period.  F i n a l l y ,  g r a v i t y - i n e r t i a  wave 

n o i s e  c h a r a c t e r i s t i c s  of t he  f o r e c a s t s  were evaluated.  

7.1 V e r i f i c a t i o n  Procedure 

Radiosonde wind, temperature,  and moisture  observa t ions  from 

0000 c;MT 21 J u l y  1981 and VAS-derived temperature  and moisture  d a t a ,  

v a l i d  f o r  2301 GMT 20 Ju ly ,  were o b j e c t i v e l y  analyzed f o r  fo recas t -  

v e r i f i c a t i o n  purposes. The o b j e c t i v e  a n a l y s i s  procedure used t o  o b t a i n  

t h e s e  v e r i f i c a t i o n  f i e l d s  is the  same as t h a t  descr ibed  i n  Sec t ion  4.2.2, 

i n  which la rge-sca le  f ea tu res  are a d j u s t e d  using radiosonde d a t a  i n  a 

second a n a l y s i s  cycle .  

d a t a  should be used i n  the  cons t ruc t ion  of the v e r i f i c a t i o n  f i e l d s .  

However, the  use of VAS obse rva t ions  should impart  a d d i t i o n a l  mesoscale 

s t r u c t u r e  to  the analyses.  It w a s  f e l t  t h a t  the advantages of using the  

V A S  d a t a  outweighed t h e  d i sadvantages ,  e s p e c i a l l y  s i n c e  the model 

produced aresoscale f ea tu res  i n  the  f o r e c a s t  f i e l d s  . 

There was u n c e r t a i n t y  about whether o r  not VAS 



, 
7.2 V e r i f i c a t i o n  S t a t i s t i c s  

The r e l a t i v e  s k i l l  of t h e  12-hour numerical  f o r e c a s t s  was 

q u a n t i f i e d  by computing S1 scores  and root-mean-square and average 

e r r o r s .  Table 7.1 shows S1 scores  f o r  sea- leve l  p re s su re ,  700-mb 

h e i g h t ,  and 500mb he ight  as well as average e r r o r s  f o r  t he  upper,  

middle ,  and lower t roposphere.  The S1 score  relates h o r i z o n t a l  

d i f f e r e n c e s  i n  f o r e c a s t  sea-level p re s su re  o r  g e o p o t e n t i a l  he ight  to  

t h e  observed d i f f e rences .  No smoothing was app l i ed  t o  the  f o r e c a s t  

f i e i d s  in t he  S1-score computations. Average-error s ta t is t ics  were 

computed on model sigma sur faces  f o r  temperature ,  mixing r a t i o ,  wind 

speed,  wind d i r e c t i o n ,  and sur face  pressure.  E r r o r  va lues  were then 

averaged f o r  upper-, mid-, and lower-level sigma s u r f a c e  and these  

s ta t is t ics  were included i n  Table 7.1. These t h r e e  l a y e r s  roughly 

correspond t o  the  fo l lowing  pressure ( p )  i n t e r v a l s :  

500 mb, p between 850 mb and 500 mb, and p greater than 850 mb. 

p less than 

From i n s p e c t i o n  of Table 7.1, i t  is apparent  t h a t  t he  model 

p r e d i c t i v e  s k i l l ,  a t  least as measured by these  types of s t a t i s t i c s ,  

w a s  not  very s e n s i t i v e  t o  the type of da t a  o r  t h e  i n i t i a l i z a t i o n  

procedure used. 

Comparison of E2 and E3 with E l  i n d i c a t e s  t he  impact on f o r e c a s t  skill 

of us ing  VAS d a t a  toge the r  with radiosonde d a t a  f o r  the  model 

i n i t i a l i z a t i o n .  The mass f i e l d  s ta t is t ics ,  f o r  sea- leve l  pressure  

and temperature  i n  the  lower, middle,  and upper model l a y e r s ,  show a 

s l i g h t  improvement when VAS data are employed. 

r educ t ion  i n  mixing-ratio e r r o r  a s soc ia t ed  wi th  the  u s e  of VAS da ta .  

This  is most apparent  f o r  low l e v e l s .  

Some i n t e r e s t i n g  t r ends  are ev iden t  however. 

There is a l s o  a modest 

The wind-speed e r r o r  is s l i g h t l y  



7.1 Forecast Veri f icat ion S t a t i s t i c s  

S1 scores E l  E2 E 3  E4 E5 E6 E7 

sea- leve l  preessure 56.7 55.5 55.5 54.5 58.4 54.1 54.8 
700-b he1 gh t 40.5 39.0 40.1 42.6 45.3 44.0 43.7 
500-mb height 33.8 33.3 32.9 34.3 36.1 36.0 36.0 

Average errors 

Temperature ( "C)  
High 0.78 0.68 0.70 0.80 0.64 0.75 0.66 
Middle 0.74 0.66 0.69 0.75 0.63 0.72 0.69 
Low 1.43 1.40 1.41 1.58 1.37 1.71 1.76 

Nixing Ratio (g b-1) 
High 0.17 0.16 0.16 0.16 0.15 0.17 0.16 
Middle 1.24 1.22 1.22 1.17 1.18 1.22 1.18 
Low 2.52 2.24 2.28 2.76 2.25 2.26 2.09 

Wind Speed (ms'l) 
High 3.82 3.96 3.90 3.65 3.76 3.93 4.11 
Middle 2.88 2.84 2.90 3.06 3.10 2.94 3.02 
Low 2.00 2.02 2.02 1.98 2.03 2.09 2.07 

Surface Pressure (mb) 0.81 0.85 0.84 0.71 1.27 0.93 0.89 
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higher  when VAS d a t a  are included . 
a l i t t l e  worse wi th  VAS da ta ,  probably because of the s l i g h t l y  

larger-ampli tude,  deep, g r a v i t y - i n e r t i a  waves. 

The su r f  ace-pressure f o r e c a s t s  are 

It is i n t e r e s t i n g  to  specu la t e  about t he  p o s s i b i l i t y  t h a t  t h e r e  is 

a sys t ema t i c  r e l a t i o n s h i p  between the  v e r i f i c a t i o n  statist ics and 

whether VAS d a t a  were used l n  t h e  i n i t i a l i z a t i o n  and v e r i f i c a t i o n  of a 

v a r i a b l e .  For example, i f  VAS temperature  d a t a  are used and they 

impar t  some rpesoscale s t r u c t u r e  t o  the  wind f i e l d  during the  f o r e c a s t  

pe r iod ,  t h e  p red ic t ed  winds are going t o  v e r i f y  worse than those  

produced by t h e  no-VAS i n i t i a l i z a t i o n  because the wind-field v e r i f  ica- 

t i o n  d a t a  have no s t r u c t u r e  on t h e  VAS scale. 

Comparison of t h e s e  v e r i f i c a t i o n  s ta t i s t ics  f o r  E2 and E3 

i n d i c a t e s  t h a t  t h e  modified arethod of i nco rpora t ing  VAS soundings wi th  

radiosonde obse rva t ions  had no p e r c e p t i b l e  impact on f o r e c a s t  skill . 
This  is not s u r p r i s i n g  because the  r e s u l t s  of the objec t ive-ana lys i s  

procedures  used f o r  the  i n i t i a l i z a t i o n  of E2 and E3 were so similar. 

The a d d i t i o n a l  c o r r e c t i v e  c y c l e ,  used i n  E3, had l i t t l e  impact. That 

is, throughout much of the  domain, temperature  and mixing-ratio va lues  

changed l i t t l e  when the  c o r r e c t i v e  cyc le s  were appl ied.  

Evalua t ion  of the  results of E4 and E5 i l l u s t r a t e s  how e f f e c t i v e l y  

VAS d a t a  a lone  can be used t o  modify a smooth f i r s t -guess  f i e l d  which 

Is based upon a g loba l -sca le  a n a l y s i s .  The S1 scores  f o r  both E4 and 

E5 are c o n s i s t e n t l y  worse than  the  S1 sco res  f o r  El, E2, and E3 where 

e i t h e r  radiosonde or a combination of radiosonde and VAS d a t a  were 

employed. The S1 scores  in E5 are e s p e c i a l l y  high. A poss ib l e  

exp lana t ion  f o r  t h i s  occurrence is t h a t  s i g n i f i c a n t  temperature  
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g r a d i e n t s  i n  the  i n i t i a l  condi t ions  are l i k e l y  a t  the  boundary between 

t h e  area covered by the  VAS data  and t h e  rest of the  g loba l  ana lys i s .  

These spur ious  temperature  g rad ien t s  would adverse ly  a f f e c t  the  

f o r e c a s t  of both sea- leve l  pressure  and the  700-mb and 500-mb he ight  

f i e l d s .  In spec t ion  of t he  i n i t i a l  700-mb and 500-mb temperature 

a n a l y s i s ,  however, i n d i c a t e s  no evidence of any d i s c o n t i n u i t y  near t he  

boundary of t h e  VAS network. 

very  p o s i t i v e  impact of VAS in E5. I n  f a c t ,  t hese  temperature e r r o r s  

are smaller than  those  r e s u l t i n g  from any o t h e r  i n i t i a l i z a t i o n  

technique.  

The average e r r o r s  for temperature show a 

There is very l i t t l e  d i f f e r e n c e  i n  t h e  average e r r o r  of 

mixing r a t i o  between E4 and E5 f o r  t h e  upper and middle l eve l s .  

However, for low l e v e l s ,  the mois ture  f o r e c a s t  i n  E5 is s i g n i f i c a n t l y  

b e t t e r  than t h a t  i n  E4. This is c o n s i s t e n t  with the  comparison of the  

r e s u l t s  of El, E2, and E3, i n  which the  a d d i t i o n  of t he  moisture  d a t a  

a l s o  had i ts  most p o s i t i v e  impact a t  low l eve l s .  As before (i .e. ,  t h e  

E l ,  E2, E3 comparison),  the wind f i e l d  v e r i f i e s  s l i g h t l y  worse wi th  VAS 

data .  Surface-pressure e r r o r s  are r e l a t i v e l y  low in E4; however, t hese  

e r r o r s  are q u i t e  high i n  E5. This poor f o r e c a s t  of su r f ace  p re s su re  i n  

E5 may be due to  the ex i s t ence  of higher-amplitude g r a v i t y - i n e r t i a  wave 

no i se  

Comparison of experiments E7, E6, and E l  a l lows us t o  separate the  

e f f e c t s  of the  dynamic i n i t i a l i z a t i o n  i tself  and t h e  use of VAS d a t a  i n  

the  dynamic i n i t i a l i z l a t i o n .  There is no sys t ema t i c  improvement i n  

f o r e c a s t  s k i l l  when the  dynamic - in i t i a l i za t ion  procedure is used wi th  

only radiosonde d a t a  (compare E6 and El). 

temperature  and moisture  s ta t i s t ics  f o r  E6 and E7 i n d i c a t e s  t h a t  the 

Inspec t ion  of the  
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use of VAS da ta  i n  the  t a rge t  ana lyses  of temperature and mixing r a t i o  

had a p o s i t i v e  impact on s k i l l  except for low-level temperature.  

Again, t he  wind s t a t i s t i c s  v e r i f y  worse when the  VAS da ta  a r e  employed. 

The VAS soundings have a s l i g h t l y  p o s i t i v e  impact upon the  fo recas t  of 

s u r f a c e  pressure.  

7.3 General Compariwa of the Forecas t  Resu l t s  

Forecas t  f i e l d s  sf sea-level p re s su re ,  temperature ,  geopo ten t i a l  

h e i g h t ,  ho r i zon ta l  w 3 ,  and mixing r a t i o  from experiments El t o  E7 

are compared with ea= other and a l s o  with the  v e r i f i c a t i o n  f i e l d s  

(obtained as d e s c r i ' k i  i n  Sect ion 7.1) and the  NMC analyses  of these 

v a r i a b l e s .  The i n i z x L  condi t ions used in E3 and the  v e r i f i c a t i o n  

cond i t ions  are a l s o  xrnpared t o  g ive  some i n d i c a t i o n  of how the  

atmosphere changed &ng the  f o r e c a s t  per iod.  Sea-level p re s su re ,  

500-mb temperature art geopotent ia l  he igh t ,  500-mb wind, and 850-mb 

mixing r a t i o  are chmm, as a small sample, t o  be shown in t h e  

fo l lowing  f igures .  3 general ,  t he re  a r e  few s i g n i f i c a n t  d i f f e r e n c e s  

among the  fo recas r s .  ?or t h i s  reason, only r e s u l t s  from experiments E l  

and E3, toge ther  wix i n i t i a l  and v e r i f i c a t i o n  cond i t ions ,  a r e  

included among the -Awes . 
Figure 7.la is i L200 GMT 20 J u l y  sea- leve l  p re s su re  a n a l y s i s  and 

Figs .  7.lb, 7.lc, it5 7 . l d  a r e  0000 GMT 21  J u l y  sea- leve l  pressure  

f i e l d s  based on tk -erFficat ion d a t a ,  and from the  E l  and E3 

f o r e c a s t s ,  respeczi-17. Comparison of Figs. 7 . la  and 7.lb i n d i c a t e s  

t h a t ,  dur ing the  f x a s t  per iod ,  t he  low-pressure system near the 

Great b k e s  moved escvard and i n t e n s i f i e d .  Experiments E l  and E3 
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Figure 7 . 1  Sea-level pressure analyses.  
i s  2 mb. 

The contour interval  

Observed sea-level  pressure, va l id  1200 CMT 
20 July 1981 
Observed sea-level  pressure, va l id  0000 GlT 

1 

21 July 1981 
Forecast ( E l )  sea- level  pressure, va l id  
0000 QlT 21 July 1981 
Forecast (E3) sea-level pressure, v a l i d  
0000 CXT 21 July 1981 . 
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handle t h i s  f e a t u r e  reasonably w e l l ,  a l though the observed c e n t r a l  

p re s su re  is s l i g h t l y  less than t h a t  of e i t h e r  fo recas t .  

of high p res su re ,  l oca t ed  over Louis iana a t  1200 GMT 20 J u l y ,  is no 

longer  apparent  at 0000 QlT 21 J u l y  i n  e i t h e r  the v e r i f i c a t i o n  a n a l y s i s  

o r  i n  the  E l  and E3 fo recas t s .  Both f o r e c a s t s  i nappropr i a t e ly  put a 

wave i n  t h e  i s o b a r s  over the Great Lakes. Also, an area of high 

p r e s s u r e ,  cen tered  over southern Colorado, was erroneously f o r e c a s t  

Although a l l  seven sea- level  p re s su re  f o r e c a s t s  are very similar, some 

d i f f e r e n c e s  between f o r e c a s t s  are evident .  The f o r e c a s t  sea- leve l  

p r e s s u r e  pattern over Kansas and Nebraska in E 3  agrees  mre c l o s e l y  

w i t h  t h e  v e r i f i c a t i o n  a n a l y s i s  than does t h e  p a t t e r n  from El. Also, 

t h e  low-pressure system is handled better i n  E6 and E7 than  i t  is i n  

t h e  o t h e r  f o r e c a s t s  . 

A small area 

The SOO-mb temperature and g e o p o t e n t i a l  he ight  f i e l d s  f o r  the  

i n i t i a l  and v e r i f i c a t i o n  cond i t ions  and the  El and E3 f o r e c a s t s  are 

shown i n  Figs.  7.2a, 7.2b, 7.2c, and 7.2d r e spec t ive ly .  F igures  7.2a 

and 7.2b i n d i c a t e  t h a t  during the f o r e c a s t  period t h e r e  are no l a r g e  

changes i n  e i t h e r  the  500-mb temperature  f i e l d  or the  500-mb 

g e o p o t e n t i a l  he ight  f i e l d .  

a l l  experiments and a l so  agree  f a i r l y  w e l l  wi th  the  v e r i f i c a t i o n  

f i e l d s ,  a l though t h e  fo recas t  temperature f i e l d s  are smoother and they 

a l s o  i n d i c a t e  more of a thermal t rough i n  the  Midwest. Surface 

tempera ture  f o r e c a s t s  d i f f e r  only s l i g h t l y .  None of t he  f o r e c a s t  

low-level temperature  f i e l d s  c l e a r l y  i n d i c a t e  the p o s i t i o n  of t h e  co ld  

f r o n t  a t  0000 GMT 21 July.  

The f o r e c a s t  f i e l d s  are very s i m i l a r  f o r  

The skill of the 850-mb and the  300-mb 





Figure 7 . 2  500-mb temperature (T) and geopotential height ($1 
analyses .  The contour interval  f o r  temperature is 
1 O C .  The contour interval  f o r  geopotential height 

c -  J- 

is 60 metsrs. 
a .  Observed 500-mb temperature and geopotential 

b . Observed 500-nb temperature and geopotential 

C .  

d .  

height,  v a l i d  1200 GXT 20 July 1981 

height,  v a l i d  0000 GHT 21 July 1981 
Forecast (El) 500-mb temperature and geo- 
potential  height ,  val id 0000 GHT 21 July 1981 
Forecast (E3) 500-mb temperature and geo- 
potential  height ,  val id 0000 GYT 11 July 1981 
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temperature  f o r e c a s t s  is a l s o  found to be f a i r l y  independent of the 

a n a l y s i s  procedure o r  the  i n i t i a l  d a t a  used. 

The observed 500-mb winds from 1200 GMT 20 J u l y  and 0000 @IT 

2 1  J u l y  are shown i n  Figs .  7.3a and 7.3b and t h e  f o r e c a s t  ( E l  and E31 

500-mb winds are shown i n  Figs. 7 . 3 ~  and 7.3d. The s i m i l a r i t y  i n  the  

p red ic t ed  mid-level wind f i e l d s  of experiments E l  and E3, i s  r e a d i l y  

apparent .  An important  f e a t u r e  i n  the  500-mb wind f i e l d  of 1200 QIT 

20 J u l y  is the  region of s t rong  winds ( g r e a t e r  than 20 ms'l), 

associ-ated with the 500-mb t rough,  t h a t  s t r e t c h e s  from Wyoming t o  

nor thwes tern  Missouri .  By 0000 GMT 21 J u l y ,  t h i s  area has s h i f t e d  

eastward so t h a t  i t  covers an area from Nebraska t o  West Virg in ia .  

Maximum wind speeds in this f e a t u r e  i n c r e a s e  s l i g h t l y  dur ing  the  

12-hour period. 

and E3, al though wind speeds are under-forecast ,  e s p e c i a l l y  from 

I l l i n o i s  t o  West Virg in ia .  

l i g h t  winds d r i f t s  eastward from Minnesota t o  j u s t  no r th  of Michigan. 

This  is c o r r e c t l y  f o r e c a s t  by both E l  and E3, however E 3  handles the  

This  region of h igh  wind speed is evident  i n  both E l  

Also dur ing  t h i s  pe t iod ,  an area of very 

wind-speed minimum a l i t t le  better. 

having wind speeds i n  excess of 20 ms'l, is apparent  i n  the El and E3 

f o r e c a s t s .  A t  1200 GMT 20 J u l y ,  observed uind speeds f o r  t h i s  area are 

also g r e a t e r  than 20 ms'l, however by 0000 GMT 21  J u l y  they have 

diminished signif i can t ly .  

r educ t ion  i n  wind speed. The 500-mb wind f o r e c a s t s  from the  o t h e r  f i v e  

experiments are a l s o  similar t o  those from El and E3, a l though the  

winds form E4 and E5 a re  somewhat weaker and smoother. The gene ra l  

An area i n  southern  Wyoming, 

Nei ther  f o r e c a s t  c o r r e c t l y  p red ic t ed  t h i s  



Figure 7 . 3  Streamline and Isotach analys is  of the 500-mb 
wind. The contour Interval f o r  wind speed IS 

a. Observed SOO-mb wind, .val ld 1200 GHT 20 July 1981 
b. Observed 500-mb wind, va l id  0000 GMT 21 July 1981 
C .  Forecast (El) 500-b wind, va l id  0000 Q+fT 

d.  Forecast (E3)  500-mb wind, va l id  0000 GMT 

10 ms-1. 

21  July 1981 

21 July 1981 
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c h a r a c t e r i s t i c s  of the  fo recas t  winds from 850 mb and 300 mb correspond 

t o  those of the  observed winds a t  t hese  l e v e l s .  

F igu res  7.4a, 7.4b, 7.4c, and 7.4d are 850-mb mixing-ratio f i e l d s  

from the  i n i t i a l  and v e r i f i c a t i o n  cond i t ions  and from E l  and E3 

r e s p e c t i v e l y .  The gene ra l  c h a r a c t e r i s t i c s  of the  f o r e c a s t  low-level 

mois ture  f i e l d s  are similar t n  both E l  and E3 as w e l l  as i n  the o the r  

f o r e c a s t s .  There are, however, some noteworthy d i f f e r e n c e s  between the  

f o r e c a s t  and observed mixing-ratio f i e l d s .  I n  a l l  of the  f o r e c a s t s ,  a 

mois ture  g r a d i e n t  extending from west Texas northward t o  the Dakotas is 

evident .  This f e a t u r e  is much less apparent  i n  the  V e r i f i c a t i o n  

f i e l d s .  Observa t ions  (Figs. 7.4a and 7.4b) i n d i c a t e  t h a t  s i g n i f i c a n t  

moistening occurred  i n  southwestern Kansas dur ing  the  f o r e c a s t  period. 

Ne i the r  experiment p r e d i c t s  t h i s  moistening;  i n s t e a d ,  both f o r e c a s t  

lower mois ture  values.  A p laus ib l e  exp lana t ion  f o r  t h i s  discrepancy is 

t h a t  t he  observed winds in t h i s  reg ion  remained gene ra l ly  sou the r ly  and 

advected moist  air; however the  f o r e c a s t  wlnds r o t a t e d  t o  wes te r ly  and 

then t o  n o r t h e r l y  d i r e c t i o n s ,  b r inging  i n  r e l a t i v e l y  dry a i r .  During 

t h e  f o r e c a s t  per iod ,  mixing-ratio va lues  i n  eastern Kansas, Missouri ,  

and southern  I l l i n o i s  decrease enough so t h a t  an ex tens ive  dry tongue 

is apparent  i n  the  v e r i f i c a t i o n  a n a l y s i s .  Although the f o r e c a s t  wind 

d i r e c t i o n  is f a i r l y  cons i s t en t  wi th  the  observed wind d i r e c t i o n  i n  t h i s  

area, n e i t h e r  E l  nor E3 f o r e c a s t s  t h i s  dry  region.  The 850-mb 

mixing-rat io  ana lyses  from the in t e rmed ia t e  f o r e c a s t  times i n d i c a t e  

t h a t  a d d i t i o n a l  moisture  was drawn i n t o  t h i s  area from Oklahoma. 

F igures  7.4a and 7.4b a l s o  i n d i c a t e  some moistening from e a s t e r n  Texas 

t o  Alabama, however fo recas t  mixing-rat io  values  remain nea r ly  the  
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Figure 7.4 



20 J u l y  are s o u t h e r l y ,  but by 0000 GMT 21  J u l y  they are wes ter ly .  The 

f o r e c a s t  winds are a l s o  wes ter ly  by 1500 GMT but the wind, t o  a less 

s o u t h e r l y  d i r e c t i o n ,  may have occurred so e a r l y  as t o  prevent 

s u f f i c i e n t  mois ture  t o  be advected from the  Gulf of Mexico. The 

f o r e c a s t  moisture  f i e l d  f o r  much of the e a s t e r n  p a r t  of the domain 

g e n e r a l l y  agrees  wi th  the  observed f i e l d .  

d i f f e r e n c e s  among t h e  f o r e c a s t s  of 700-mb and 500-mb mixing r a t i o .  

of t h e s e  expected d i f f e rences  is due to the r e l a t i v e  smoothness of t he  

f o r e c a s t  mixing-rat io  f i e l d s  from E4. 

There are only small 

One 

Although the  va r ious  combinations of d a t a  used i n  the  i n i t i a l i z a -  

t i o n  process  produced some d i f f e r e n c e s  i n  t h e  i n i t i a l  condi t ions  of 

temperature  and moisture ,  the f o r e c a s t  r e s u l t s  from the seven experi-  

ments are very similar. This is i l l u s t r a t e d  i n  Fig. 7.5, which shows 

tempera ture-d i f fe rences  between E l  and E2 (El-E2) f o r  sigma-level 0.95. 

These d i f f e r e n c e s  correspond t o  the  fol lowing times during the  f o r e c a s t  

per iod:  1200 GMT, 1500 GNT, and 1800 GMT 20 J u l y ,  and 0000 GMT 

2 1  Ju ly .  

between E l  and E2 gene ra l ly  advect a small d i s t a n c e  eastward, t he  

Regions of s i g n i f i c a n t  i n i t i a l  temperature  d i f f e r e n c e s  

magnitude of these  d i f f e r e n c e s  decreas ing  markedly by 0000 GMT 21  Ju ly .  

Th i s  is e s p e c i a l l y  t r u e  for  the area of lower VAS temperature  over 

Kansas. Although E l  and E2 have i d e n t i c a l  i n i t i a l  wind f i e l d s ,  by 

1500 GMT wind d i r e c t i o n  d i f f e rences  and wind speed d i f f e r e n c e s  g r e a t e r  

than  2 ms'l are evident  a t  a l l  l e v e l s .  

d i f f e r e n c e s  are g r e a t e s t  g e n e r a l l y  correspond t o  areas of s i g n i f i c a n t  

temperature  d i f f e r e n c e s  between f o r e c a s t s .  Af t e r  1800 GMT, t hese  

The areas where wind speed 

wind-speed d i f f e r e n c e s  are  less extens ive .  Moisture d i f f e r e n c e s  
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Figure 7.5 Temperature d i f ferences  between E l  and E2 (El-E2) 
for  sigma l e v e l  0 .95.  The contour Interval I s  
0.5"C.  
a. 
b. 
C .  
d.  

1200 MI 20 July 1981 
1500 QlT 20 July 1981 
1800 @lT 20 July 1981 
0000 (;MT 21 July 1981 



the forecast period. This is to be expected because of the temperature 

fields response in the geos trophic-adjustment process . 
7.4 Quantitative Precipitation Forecast (QPF) Results 

To verify the QPF of experiments El through E7, observed rainfall 

data were taken from the publication, Hourly Precipitation Data, which 

is published by The National Climatic Center. 

the hourly rainfall for the forecast period, 1200 GMT 20 July and 

0000 GMT 21 July, were plotted and subjectively analyzed (Fig. 3.7). 

Cumulative totals of 

The small-scale convective precipitation events in western Iowa, 

Kansas, Texas, and Oklahoma were sufficiently isolated so that only two 

hourly-precipitation stations recorded any rain during the simulation 

period. Figure 3.7 indicates that more widespread precipitation 

occured to the east of the VAS network, with one region in Missouri, 

southern I l l i n o i s  and Kentucky, one in Wisconsin, one in Indiana, one 

in eastern Ohio and Pennsylvania, and finally one over the Florida 

panhandle and Georgia. 

The 12-hour QPF from experiments El to E7 are shown in Fig. 7.6. 

Contours of precipitation (PI are logarithmically scaled by 

ln(R + 0.01) + 4.6 where R is rainfall in centimeters. The 

relationship between these scaled contours and forecast precipitation 

is given in Table 7.2. The Florida-Georgia maximum was located 

reasonably by all of the forecasts, even though it was very close to 

the model's lateral boundary. Experiments El and E6 have the best 
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Figure 7 . 6  Total  predicted r a i n f a l l  during the 12-h fore- 
cast period, 1200 QiT 20 July to  0000 GHT 
21 July 1981, for  experiments E l  to €7 .  Ra infa l l  
amounts are logari thmical ly  sca led  (Table 7.2)  
a. E l  
b. €2 
C .  E 3  
d .  E4 
e .  E5 
f .  €6 
3 .  E7 
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f 
Table 7 .2  Forecast Precipitat ion Scale 

P 

1 

2 

3 

4 

5 

5 

- R (cm) 

0.017 

0.064 

0.192 

0.539 

1 . 482 

4.045 

7 11.013 
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agreement with observed p r e c i p i c a t i o n  amounts f o r  t h i s  area. The VAS 

d a t a  i n  E2, E3, and E7 prevented the  spu r ious  development of a 

p r e c i p i t a t i o n  maximum i n  Miss i s s ipp i  t h a t  occurred i n  E l  and E6. 

maximum i n  Ohio and Pennsylvania was handled e q u a l l y  w e l l  by a l l  

f o r e c a s t s  except  E4 and E5. The Wisconsin maximum w a s  bes t  fo recas t  by 

E l ,  E2, E3, and E7. The u s e  of a dynamic - in i t i a l i za t ion  procedure 

worsened the  p r e c i p i t a t i o n  f o r e c a s t  f o r  Wisconsin, a l though the impact 

of the  VAS d a t a  i n  the  dynamic i n i t i a l i z a t i o n  was p o s i t i v e  (compare E6 

and E7). The poores t  QPF f o r  Wisconsin was produced by E4. The QPF's 

from E2 and E3 are nea r ly  i d e n t i c a l .  

comparison of the  v e r i f i c a t i o n  s ta t is t ics  d iscussed  i n  Sec t ion  7.2. 

comparison of El with E6 and E3 with  E7 i n d i c a t e s  t h a t  the use of a 

dynamic - in i t i a l i za t ion  procedure had l i t t l e  impact on the  QPF. 

amounts from a l l  of the  experiments is less than the  observed 

p r e c i p i t a t i o n .  

The 

Th i s  is  c o n s i s t e n t  with the 

A 

The QPF 

I n  an at tempt  t o  improve t h e  QPF r e s u l t s ,  t he  model was 

i n i t i a l i z e d  us ing  a divergence f i e l d  diagnosed from a mesoscale omega 

equat ion.  This equat ion  inc ludes  the  e f f e c t s  of l a t e n t  hea t ing ,  which 

are es t imated  from the  observed r a i n f a l l .  This procedure has improved 

o t h e r  p r e c i p i t a t i o n  f o r e c a s t s ,  e s p e c i a l l y  very short-range f o r e c a s t s  

( T a r b e l l  et  a l . ,  1981; Salmon, 1985). Hourly r a i n f a l l  observa t ions  

from 1200 GMT and 1300 GMT were used t o  determine the  l a t e n t  hea t ing  

rates i n  the omega equat ion,  which were then used t o  diagnose the 

d ive rgen t  component of the  i n i t i a l  wind f i e l d .  

t h i s  procedure had very l i t t l e  impact on the  QPF amounts, probably 

because the re  were so few r a i n f a l l  obse rva t ions  near t h e  start  of the  

In t h i s  case ,  however, 
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I 
5 f o r e c a s t  period. S ince  t h i s  i n i t i a l i z a t i o n  technique w a s  i n e f f e c t i v e ,  ! 

t h e  r e s u l t s  were not t abu la t ed  w i t h  t he  o t h e r  seven experiments. 

None of the  s imula t ions  pred ic ted  t h e  Missouri-Il l inois-Kentucky 

maximum s a t i s f a c t o r i l y .  This  i s  d i sappo in t ing  because t h i s  p r e c i p i t a -  

t i o n ,  a s s o c i a t e d  wi th  the  widespread outbreak  of convection over 

Missour i ,  was the  mst noteworthy weather event  t h a t  occur red  i n  the  

VAS reg ion .  There is some i n d i c a t i o n  of a p r e c i p i t a t i o n  maximum i n  

Missour i  f o r  E2, E3, and E7 which a l l  use  VAS data .  However, the 

r eason  f o r  t h e  model's f a i l u r e  to  better p r e d i c t  t h i s  p r e c i p i t a t i o n  is 

unknown. Much of t he  p r e c i p i t a t i o n  t h a t  f e l l  i n  Missouri  and southern  

I l l i n o i s  came near t he  end of the f o r e c a s t  period. If t h e r e  w a s  a 

problem of t iming, then extending t h e  f o r e c a s t  per iod  s e v e r a l  hours 

might a l low reasonable p r e c i p i t a t i o n  f o r e c a s t s .  

7.5 Grav i ty - Ine r t i a  Wave C h a r a c t e r i s t i c s  of t he  Forecas t s  

G r a v i t y - i n e r t i a  waves, of ten  r e f e r r e d  t o  as "noise ,  " may obscure 

me teo ro log ica l ly  important motions du r ing  the  f i r s t  twelve hours of a 

numerical  f o r e c a s t  (Sasaki ,  1969; H a l t i n e r  and Williams, 1980). In 

t h e  PSU mesoscale model lap*/atl and laLp*/3tzl are used as measures 

of model-generated noise.  These domain-averaged d e r i v a t i v e s  are 

c a l c u l a t e d  every time-step. They are a p p r o p r i a t e  i n d i c a t i o n s  of no ise  

because they are r e l a t e d  t o  the d ivergence  and i t s  temporal rate of 

change (Warner e t  a l . ,  1978). 

P l o t t e d  i n  Fig. 7.7a a r e  v a l u e s  of \aLp*/atzI dur ing  the  f o r e c a s t  

per iod  f o r  experiments E l ,  E3, E4, E5, E6, and E7. The p r e f o r e c a s t  

n o i s e  va lues  were p l o t t e d  f o r  E6 and E7 i n  Fig. 7.7b. The r e s u l t s  of 



shown by the temporal 
variat ion of la -1 p*/at  for a l l  experiments except 
E2. 
a. Gravlty-wave noise during the forecast period, 

1200 c;MT 20 July to 0000 W T  21 July 1981 
b. Gravlty-wave noise of the dynamic- 

i n i t i a l i z a t i o n  experiments during the 
preforecast period, 0000 GMT to  1200 GHT 
20 July 1981 

Figure 7 . 7  Gravity-wave 
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E2 were excluded because they a re  almost i d e n t i c a l  t o  those i n  E3. 

Noise statist ics from every s i x t h  time-step were used i n  these  graphs. 

I n  the  static i n i t i a l i z a t i o n  experiments  (El t o  E5) t h e r e  is a 

s h a r p  drop i n  no i se  dur ing  t h e  f i r s t  t h ree  hours and then the  dec l ine  

is more gradual .  

s i g n i f i c a n t l y  lower than t h a t  found in El, E3, and E5. This is 

probably because the  i n i t i a l  f i e l d s  ( i n  E4) of mass and momentum were 

based upon a previous  f o r e c a s t  and were t h e r e f o r e  mre c l o s e l y  

balanced. The no i se  p l o t s  f o r  El, E3, and E5 are very similar. For 

t h e s e  th ree  experiments ,  noise  is lowest  when t h e  i n i t i a l  condi t ions  

inc luded  only VAS observa t ions  and h ighes t  when both radiosonde and VAS 

data were employed. 

The g r a v i t y - i n e r t i a  wave noise  a s s o c i a t e d  with E4 is 

The no i se  c h a r a c t e r i s t i c s  of experiments E6 and E7 are very much 

a l i k e  and a l s o  r a t h e r  i n t e r e s t i n g .  During the  f i r s t  s i x  hours of the 

p r e f o r e c a s t  per iod  (Fig. 7.7b), t h e  n o i s e  is nea r ly  i d e n t i c a l  (on ly  one 

l i n e  was drawn) because both E6 and E7 have t h e  same i n i t i a l  

c o n d i t i o n s  a t  0000 GXT 20 July. The p l o t  begins  t o  d iverge  as the 

e f f e c t  of nudging toward two d i f f e r e n t  t a r g e t  ana lyses  becomes more 

important .  The a d d i t i o n  of VAS d a t a  i n  t h e  t a r g e t  a n a l y s i s  r e s u l t s  i n  

no sys t ema t i c  i nc rease  o r  decrease i n  model no i se  during the 

p r e f o t e c a s t  per iod.  

( n e a r l y  10'9mb s - ~ ,  by the  end of the p r e f o r e c a s t  per iod ,  however these  

va lues  jumped nea r ly  two orders  of magnitude (Fig. 7.7a) when nudging 

was a b r u p t l y  d iscont inued  a t  the  s ta r t  of the  f o r e c a s t  period. Despite 

t h i s  dramatic  i n c r e a s e ,  noise  va lues  f o r  E6 and E7, a f t e r  the start  

of t he  f o r e c a s t ,  are s i g n i f i c a n t l y  lower than the noise  f o r  any of the 

Noise values  of E6 and E7 are r e l a t i v e l y  low 
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s t a t i c a l l y  i n i t i a l i z e d  experiments. 

and 1400 GMT, there is  a s igni f icant  increase i n  noise and a second 

peak is evident at about 1700 QlT. 

higher for E7 than for E6 during the forecast period. 

After a sharp decl ine between 1200 

Noise s t a t i s t i c s  are generally 
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8.0 SUMMARY AND CONCLUSIONS 

Severa l  procedures were t e s t ed  f o r  i nc lud ing  VAS-derived 

tempera ture  and mois ture  d a t a  i n  o b j e c t i v e  ana lyses  t h a t  served as the  

b a s i s  f o r  the  f n i t i a l  condi t ions  of mesoscale m d e l  s imula t ions .  

Comparison of o b j e c t i v e  and s u b j e c t i v e  temperature and moisture  

ana lyses  of t he  VAS d a t a  showed t h a t  they were being s u c c e s s f u l l y  

inco rpora t ed  by the ob jec t ive -ana lys i s  procedure of the  Penn State/NCAR 

mesoscale m d e l i n g  system. Two procedures t h a t  used a combination of 

radiosonde and VAS temperature and mois t u r e  d a t a  produced similar f i n a l  

ana lyses .  

on both radiosonde and VAS data  were thoroughly compared i n  terms of 

which was more conducive t o  a l lowing the  mesoscale model t o  develop 

real is t ic  convect ion over the c e n t r a l  United S ta t e s .  Although the re  

were some small-scale d i f f e rences  between t h e  NOVAS and VAS ana lyses ,  

n e i t h e r  appeared to  be more conducive to the  outbreak of convection. 

The use of VAS d a t a  d i d  have some impact on t he  a c t u a l  r a i n f a l l  

f o r e c a s t  but not over the  region of heav ie s t  observed r a i n f a l l  f o r  t h i s  

case . 

Model i n i t i a l  condi t ions  based on radiosonde da ta  only  and 

There are s e v e r a l  reasons why the  a d d i t i o n  of VAS d a t a  m y  have 

f a i l e d  t o  s i g n i f i c a n t l y  improve the  o b j e c t i v e  analyses .  The 

ob jec t ive -ana lys i s  procedure t h a t  combined the  VAS and radiosonde d a t a  

may have been inadequate ,  the q u a l i t y  of the  VAS d a t a  may have been 



1 were reso lved  b e t t e r  by VAS than by the  convent iona l  radiosondes.  

Even though the  forecas t -ver i f  i c a t i o n  s t a t i s t i c s  were g e n e r a l l y  

similar f o r  all the  f o r e c a s t s ,  there were some i n t e r e s t i n g  t rends .  

When VAS data were used i n  a s t a t i c  i n i t i a l i z a t i o n  of t he  model, a 

small improvement i n  the  q u a l i t y  of the  f o r e c a s t  temperature  and 

mois ture  f i e l d s  was apparent  at  a l l  l e v e l s  when v e r i f i e d  a g a i n s t  a VAS 

a n a l y s i s .  It was a l s o  found tha t  t h e  VAS d a t a  allowed more accura t e  

p r e d i c t i o n s  of temperature  and moisture  when no radiosonde d a t a  were 

used. Winds v e r i f i e d  worse when VAS d a t a  were used i n  the  i n i t i a l  

cond i t ions .  This  was not t oo  s u r p r i s i n g  because VAS-scale s t r u c t u r e  

does not e x i s t  i n  t he  v e r i f i c a t i o n  a n a l y s i s  and t h e  VAS d a t a  might have 

imparted a d d i t i o n a l  mesoscale detai l  t o  the  wind f i e l d  dur ing  the  

geostrophic-adjustment process i n  t h e  f o r e c a s t .  

c l a r i f i e d  by ve r i fy ing  f o r e c a s t  winds a g a i n s t  i n d i v i d u a l  observa t ions .  

F i n a l l y ,  t he  f o r e c a s t  skill was no t  s e n s i t i v e  t o  the  s p e c i f i c  method of 

i n c o r p o r a t i n g  VAS d a t a  i n t o  the o b j e c t i v e  a n a l y s i s  us ing  success ive  

c o r r e c t i o n  techniques.  

This could be 

The r e s u l t s  from the  dynamic - in i t i a l i za t ion  and the  s ta t ic-  

i n i t i a l i z a t i o n  experiments which use only  radiosonde d a t a  were rmch 

a l i k e .  

impact. 

VAS d a t a  were used, t he  p o s i t i v e  impact of the  VAS d a t a  i n  t h e  dynamic 

i n i t i a l i z a t i o n  was comparable t o  t h a t  i n  t h e  s t a t i c  i n i t i a l i z a t i o n .  

Apparently the dynamic - in i t i a l i za t ion  procedure had l i t t l e  

Except f o r  low-level temperature ,  which v e r i f i e d  worse when 

The QPF r e s u l t s  were r a t h e r  i n s e n s i t i v e  t o  the type of d a t a  o r  t h e  

a n a l y s i s  procedure used t o  de f ine  t h e  i n i t i a l  condi t ions .  All of the 



model s imula t ions ,  except E4 and E5, adequate ly  fo recas t ed  

p r e c i p i t a t i o n  over Wisconsin, e a s t e r n  Ohio and Pennsylvania ,  and the  

F l o r i d a  panhandle and Georgia. Experiments E4 and E5, which used no 

rad iosonde  da ta ,  had t o  r e l y  on an i n i t i a l  wind f i e l d  obta ined  from the  

NMC global ana lys i s .  

of t he  experiments.  Unfortunately,  a l l  of the s imula t ions  f a i l e d  t o  

p r e d i c t  the  l a r g e  area of convection over  Missouri  and I l l i n o i s .  

reason  f o r  t he  model's f a i l u r e  t o  f o r e c a s t  t h i s  p r e c i p i t a t i o n  is  not 

known, a l though poor model timing i n  f o r e c a s t i n g  the  onse t  of the  

convec t ion  o r  t h e  ex i s t ence  of under forecas t  r e l a t i v e  humidi t ies  are 

two p o s s i b i l i t i e s .  

P r e c i p i t a t i o n  amounts were unde r fo recas t  i n  a l l  

The 
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